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The Yield Complex of Sweet Corn
D
I. Effect of Advancing Maturity
II. Relations Between Yield Components
By W. A. HUELSEN and W. H. MICHAELS*
URING the very brief period when sweet corn is edible and
suitable for harvest, rapid and highly complex changes occur in
the physical and chemical composition of the kernels. During
the latter part of the harvest period these changes become very obvious
in the form of progressively greater reductions in quality until, sooner
or later, the kernels reach the point of being entirely inedible.
The rapid changing of quality in sweet corn as maturity advances
is known to all growers and canners ; and because of its importance
the subject has received a good deal of attention from investigators,
especially with reference to the chemical composition and the progres-
sive increases in toughness of the kernels. Very little attention has
been paid by investigators, however, to the related phenomenon of
total yield, which is a function of maturity and closely associated with
it. In fact, altho total yield is the climax of all the farmer's efforts
and is the most important aspect of the crop from his viewpoint, sur-
prisingly little attention has been given to the systematic analysis of
yields. Numerous fragmentary studies are available, but they do not
thoroly analyze total yields. The yield of soybeans has received con-
siderable attention, as shown by the work of Borst and Thatcher,
2*
Uhland,21* and Woodworth. 23* Small grains have been studied by
Burnett and Bakke5* among others, and garden peas have received
attention from Sayre, Willarnan, and Kertesz,
19* and others.
Sweet-corn growers long since observed that total yields increase
very materially within certain limits the longer the ears remain in the
field, but that quality, on the other hand, decreases very rapidly after
the kernels reach the milk stage. This distinctly inverse relationship
between total yields and quality as maturity advances has been the
cause of endless misunderstanding between the grower, who wants
maximum total yields per acre, and the canner, who is concerned pri-
marily with high quality. One purpose of the experiments described in
"W. A. HUELSEN, Associate Chief in Olericulture; W. H. MICHAELS, form-
erly Associate in Olericulture.
"These numbers refer to literature citations, page 607.
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this bulletin was to attempt to clear up this difference of opinion
regarding the proper time to harvest the sweet-corn crop. In order to
do this an exhaustive study was made of the yield and quality of green
sweet corn from a number of different angles and with respect to
time of maturity. As a result certain general principles are advanced
which may be applied in the harvesting of and the contracting for the
sweet-corn crop.
The experiments were undertaken for the purpose also of studying
the whole concept of yield in sweet corn. In a crop harvested, as is
sweet corn, before it matures entirely in the botanical sense, yield must
be considered as a moving average changing from day to day, even
from hour to hour, in certain definite directions. Yield must not, how-
ever, be conceived as the moving average of any single character or
component, but as the collective expression of a great many different
components. Thus the yield of unhusked sweet corn is actually the
yield of a system of components consisting of the husks, the shanks, the
silks, the kernels, and the cobs. It may be quite immaterial for ordinary
purposes if the relationship between the various components and their
proportional importance with respect to the whole is entirely unknown ;
but for those interested in canning corn this relationship becomes sig-
nificant, for a single component the yield of kernels is then more
important than the yield of whole unhusked ears. In order, therefore,
to understand yield of sweet corn as a whole it is necessary to under-
stand the yield of the various parts, not only at any given time, but at
all times within the edibility period, because, as already mentioned,
yield changes constantly with respect to time.
The discussions and the comments in this bulletin are made pri-
marily with the cannery-contract grower in mind.
a The market grower
also is of course interested in problems of quality in relation to
advancing maturity, but he is not especially concerned with the so-
called
"cream-style" maturity, which is really the early dough stage,
because the corn is then well past the best stage for eating from the
cob. He is more concerned with the late milk stage of maturity, which
is equivalent to "whole-grain-style" maturity. Market growers should
read the bulletin with this difference in mind.
*In a forthcoming circular of the Illinois Station the different types of
growers' contracts and the bases upon which canners in Illinois buy sweet corn,
are discussed in relation to the data obtained in the experiments reported in
this bulletin.
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PART I: EFFECT OF MATURITY ON THE
YIELD COMPLEX OF SWEET CORN
The investigations reported in Part I consisted, first of all, of
studying under carefully controlled conditions the development of a
field of sweet corn thruout the edible stage. The effects of advancing
maturity on the yield and quality of the various yield components were
measured. From this part of the study was obtained mean values, or
averages, of a mass population.
PLAN OF THE EXPERIMENTS
The experiments covered a two-year period (1931 and 1932) and
three varieties of sweet corn Country Gentleman, Narrow Grain
Evergreen, and Golden Bantam. Because mean values may not lead
to the same conclusions as observations taken from single ears, each
mass-population experiment was accompanied by a parallel individual-
ear experiment, and the connection between the two was analyzed
carefully.
Certain additional problems which arose during the course of these
investigations were studied in a series of secondary experiments deal-
ing with the relation between toughness of pericarp and moisture con-
tent of kernels, the value of moisture content as a measure of maturity,
and the relation between the date of silk emergence and individual ear
weights.
The mass-population experiments with ears of mixed maturity were
regarded as the primary experiments, for the conditions of operation
were truly representative of those under which crops are regularly
harvested by growers.
For the 1931 primary experiment a uniform area of dark silt loam
was blocked out on the University farm at Urbana, Illinois. Selected
strains of Country Gentleman and Narrow Grain Evergreen* were
planted by means of a two-row corn planter set to deliver 4 to 5 kernels
per hill, the hills spaced 38 by 40 inches apart. A fertilizer application
of 100 pounds 0-16-6 analysis per acre was hill-dropped by means of
a fertilizer attachment on the planter. Half of the field was planted
'The varietal name "Narrow Grain Evergreen" is used in preference to
the more unwieldy Narrow Grained Evergreen. The former name is used
almost universally in the canning trade, but the latter is often found in seed
catalogs. As a matter of fact, in trade literature the name "Narrow Grain" is
very popular and properly so, because the suffix "Evergreen," implying that
the variety is really a strain of Stowell's Evergreen, is probably superfluous.
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with Narrow Grain Evergreen and half with Country Gentleman. Dur-
ing the early seedling stage the corn was thinned to two plants per hill.
Cultivation and subsequent handling were in all respects identical for
the two varieties.
In 1932 the experiment was repeated with several variations on a
different block of dark silt loam. The Golden Bantam variety was
added
;
the seed was planted by hand in hills 38 by 38 inches apart ;
Country Gentleman and Narrow Grain Evergreen were thinned to two
plants per hill, and Golden Bantam to three plants per hill. No ferti-
lizer was used. Three separate plantings from the same lot of seed of
each variety were made in 1932 as compared with only one in 1931, the
dates being as follows:
1931
Tune 10 Country Gentleman Series I
Narrow Grain Evergreen Series I
1932
May 11 Country Gentleman Series II
Narrow Grain Evergreen Series II
Golden Bantam [Crop abandoned]
May 26 Country Gentleman Series III
Narrow Grain Evergreen Series III
Golden Bantam Series I
June 10 Country Gentleman Series IV and V
Narrow Grain Evergreen Series IV and V
Golden Bantam Series II
During both years Country Gentleman and Narrow Grain Ever-
green made a normal growth. The first planting of Golden Bantam suc-
cumbed entirely to Stewart's disease and was eliminated on that ac-
count. Series I and II of Golden Bantam also were attacked, but
produced a fair crop.
Precautions were taken to eliminate such experimental errors as
those resulting from border effects and missing hills. Each plot con-
sisted of 20 hills except in Country Gentleman Series II and III and
Narrow Grain Evergreen Series III, where, because of missing hills,
10-hill plots were used. Ten replications were used thruout, and only
the averages of the mean yields are presented in the tabulated data.
As Culpepper and Magoon6
* have shown that the rate at which a
field of sweet corn comes into silk is a fairly accurate basis of pre-
dicting maturity, and as Myers
17* reached similar conclusions with
respect to field corn, a complete record of silking was taken in all of the
experiments considered here.
In these, as well as in other sweet-corn experiments under way at
Urbana, it has been found that no advantage accrues by counting
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silks after 75 percent of the theoretical total has been reached. The
75-percent point is therefore used in this paper as the basis for deter-
mining maturity. The validity of this practice is discussed on pages
539 to 546 and 574 to 577 of this bulletin.
Because of the rapid silking in hot weather, counting silks on each
of the 780 plots involved proved to be out of the question. In 1931 the
field was divided evenly, and silk counts were made on 11 plots of
each variety distributed at uniform intervals thruout the field. Altho
a slight variation in time of maturity was indicated by the silk counts,
the variation did not exceed one day. Consequently the date on which
the majority of the plots reached 75 percent of the theoretical total
stand was considered the silking date. In 1932 a similar procedure for
each series was followed.
TECHNIC OF HARVESTING
Snapping. In order to eliminate the effects of personal selection
8
during snapping, all the shoots showing silks on the plots selected were
harvested, brought indoors and sorted very carefully into usable ears
and culls, and the usable ears husked. Husking was done by hand in
1931, the shanks being broken off as closely as possible to the butts,
but in 1932 Peerless huskers were used. Husked ears were sorted into
three classes prime ears, dented ears, and culls. In 1932 culls were
further subdivided into green
b (immature) ears and culls.
Grades. The official U. S. cannery grades were followed as closely
as possible in sorting the corn. Prime ears are equivalent to the U. S.
No. 1 grade in all respects. Dented ears are No. 1 ears showing more
than one dented kernel per ear. Green ears are ears the cobs of which
are filled over a space not less than 4 inches in length but which are too
immature to be used ordinarily in canning. Culls are ears which are
unfit for human consumption.
Cutting. The kernels were cut from the cobs in 1931 with a hand-
operated Burpee cutter. This machine cut the kernels off in whole-
grain style right down to the cob, but it had a tendency to gouge the
*In harvesting commercial plantings, selection is partly a personal factor,
and two pickers may differ by as much as 15 percent in the amount of corn
harvested from a given piece of ground.
bSome canners use green or immature ears.
'Final U. S. cannery grades for sweet corn were established only after
these experiments had been completed. Mr. W. E. Lewis of the U. S. Bureau
of Agricultural Economics, who established the grades, discussed the question
of grades on several occasions with the senior author. Accordingly the sorting
was done on the basis of the grades which were later officially promulgated.
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cobs. In 1932 the latest model Peerless whole-grain cutter was used.
As it could be regulated by means of a micrometer screw adjustment
for any depth of cut desired, its work was unusually accurate. When
the kernels were cut "Maine" or cream style, a Sprague No. 5 cutter
was used and the depth of cut was set at i/& inch.
CALCULATION OF BIOMETRICAL CONSTANTS
Practically all data in these experiments represent means of several
observations. For example, the data on plot results involve means of
10 replications.
Wherever possible, biometrical constants have been computed ac-
cording to the following formulae:
i y f VZ\ r* y (~Y\ "l2
; D = / _ (where JT equals the
\ n n observed variables)
.6745 S.D.
P.E.m = -
Assuming that the correlation equals zero and a and b are the probable
errors of the means, the probable error of a difference would then be
P.E.d =
Where a, b, c, etc. are the probable errors of the means, and N the
number of separate averages, the probable error of a mean of means,
where each mean represents an equal number of variates, would be
P.E. =
N
Where n is the number of variates used in computing the respective
means, where a, b, c, . . . x represent the respective probable errors
of the means, and k equals the sum of the variates, the probable error
of a mean of means where the mean is weighted would be
V wV + w262 + n2c2 n2*2
P.E. =
k
Certain other constants which are used will be stated in their proper
places.
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CLIMATOLOGICAL DATA
Records on seasonal fluctuations of temperature, rainfall, and sun-
shine during the periods of 1931 and 1932 covered by these experiments
(Figs. 1 and 2) were obtained from the official weather station at
Urbana, Illinois.
In the crop year of 1931 temperatures were high, especially in
September. The mean monthly temperatures were uniformly higher
than the normal mean. Rainfall during July was less than half of
normal but was in excess of normal during June and the first half of
September. In the crop year of 1932, also, mean temperatures were
higher than normal, except during September. Rainfall was less than
normal thruout the entire crop period. During the three years 1930 to
1932 the mean annual rainfall (October 1 to September 30) accumu-
lated a deficiency of 10.89 inches under the normal 33.82 inches
(29.79 inches in 1930; 33.02 inches, 1931; and 2776 inches, 1932).
This deficiency, accompanied by three years of excessive temperatures,
created an unusual set of conditions under which to grow a crop. The
yields of white sweet corn during 1931 and 1932 in Illinois, and
especially from numerous experiments at Urbana, were somewhat
higher than usual, indicating that the conditions in general were ab-
normally favorable rather than unfavorable. This may have modified
the experimental results to some extent. For the growing of Golden
Bantam, however, the excessive heat was distinctly unfavorable, and
the yields were low. Furthermore, Stewart's disease was exceptionally
severe. The authors believe, therefore, that the experimental data per-
taining to Golden Bantam in this study are not so reliable as the data
pertaining to Country Gentleman and Narrow Grain Evergreen.
MATURITY STUDIES BASED ON EXAMINATION
OF INDIVIDUAL EARS
In order that any effects of soil variation on the development of
ears might be minimized, data for the individual-ear studies were taken
from plots of the mixed-population series distributed systematically in
the field. As the silks emerged on these plots the ears were tagged and
dated
;
but only those ears tagged on the day the entire field reached
mid-silking, as determined by the 75 percent theoretical stage of
emergence, were used. Thus the stage of development of ears used in
the individual-plant studies was directly comparable to the stage of
development of ears in the mixed population. The only exception to
this procedure occurred in 1931 in Narrow Grain Evergreen Series I,
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in which the shoots were tagged two days before the field reached the
75-percent-emergent stage.
Every time a picking was made from any of the mixed-population
series, tagged samples were also harvested from the plots mentioned
above. During 1931 these samples included 10 ears from each plot,
and in 1932, 15 ears. Only the total weights of the samples were taken
and recorded. These varied considerably, of course, but not to the
extent of concealing the trends shown by the successive harvest dates.
Relations Among Ear Components
Changes in Weight of Ear Parts During Maturation. Changes in
weight and moisture content which occurred in the component parts
during the maturation period of the ear are indicated in Tables 1, 2, and
3. These changes in Country Gentleman Series IV and Narrow Grain
Evergreen Series IV are plotted in Figs. 3 and 4. The curves were
fitted by free-hand methods, but wherever the means gave evidence
of a linear arrangement, the regressions were calculated according to
Ezekiel's8* method of computation of the formula Y = a + bx.
The data for all ten series of the three varieties were thus com-
puted, but as the trends were quite similar, the charts of only the two
series are presented here.
Mean weights of the unhusked ears showed a slight tendency to
increase up to a certain point during the maturation period, and then
to decrease. This tendency seemed to be more pronounced in Country
Gentleman (Fig. 3A) than in Narrow Grain Evergreen (Fig. 4A), but
the experiment with the latter variety may not have been carried far
enough to exhibit the full course of weight changes. Mean weights of
husked ears likewise increased as the period of maturity advanced, but
whereas the weights of unhusked ears reached a peak and then de-
creased during this period, weights of husked ears had no uniformly
definite tendency to decrease. Mean weights of kernels increased
steadily ; and cobs and husks declined fairly steadily.
When changes in weight of dry matter only are considered, it is
apparent that the dry matter in unhusked ears, husked ears, and kernels
increased at a nearly uniform rate during the maturation period (Figs.
3B and 4B). This similarity of increase among the three items was
clearly due to the increase in the dry matter of the kernels, since the
dry weight of neither cobs nor husks increased appreciably.
Moisture Content of Ear Parts During Maturation. Percentages
of moisture in the three ear components are shown in Tables 1, 2, and
3 and in Figs. 3C and 4C.
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In 1931 moisture-percentage data were taken only for the kernels.
The method used in 1931 consisted of drawing quadruplicate 50-gram
random samples from the kernels cut from each 10-ear sample, and of
drying these at 85 C. in aerated thermostatically controlled electric
ovens for a period of 72 hours, at which time they had reached con-
stant weight. In 1932 the same procedure was followed in drying the
kernels, except that a drying temperature of 80 C. instead of 85 C.
was used. In addition, all the cobs from each day's picking were dried
at about 65 C. for 48 hours, and stored for several months, after
which aliquot samples were taken and dried at 100 C. for 72 hours, at
which time they reached constant weight. Moisture data were also
taken in 1932 for husks, but because of inadequate preliminary drying
some of the husk samples molded. The dry weights of the husks were
determined by weighing after an initial drying period of 65 C. for 48
hours, followed by a second drying period of 72 hours at 100 C.
Moisture content of husks, of cobs, and of kernels declined as
maturity advanced (Tables 1, 2, 3 and Figs. 3C and 4C). This trend
in the moisture content of the kernels confirms the findings of
Appleman, 1
* and Culpepper and Magoon.6 ' 14
*
By measuring the mois-
ture content of sweet-corn kernels at successive intervals beginning
five days after the appearance of silks, Culpepper and Magoon6
*
found that in general the moisture content declined as maturity
advanced. The rate of decline varied with the variety but correlated
closely with field observations of moisture content in relation to
maturity and with the consistency of corn canned at different stages of
maturity. Moisture content of the kernels is, therefore, a good measure
of maturity and, as stated before, has been utilized as a measure of
maturity in the experiments under discussion in this paper.
The percentage of moisture in the husks remained consistently
higher than in either cobs or kernels, but the rate of decline was not
materially different.
Relative Ratios of Ear Parts During Maturation. The relative
ratios of the ear components computed as percentages are given in
Tables 1, 2, and 3, and the linear regressions in Figs. 3D and 4D.
The relationships were similar in all three varieties, showing that
the percentage of husked ears and of cut kernels (calculated on a
basis of weights either of unhusked or of husked ears as indicated)
increased as maturity advanced. Moisture, as shown above, consist-
ently declined. The percentage of kernel weights increased at a more
rapid rate than did the percentage of husked-ear weights (Figs. 3D
and 4D) because percentages of cob weights declined instead of
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remaining constant. Both the fresh green weights and the calculated
dry weights of husked ears and kernels increased and decreased at
practically the same rates (Figs. 3A and 3B and Figs. 4A and 4B).
By plotting similar percentages obtained by Culpepper and Magoon,
6*
similar conclusions as to relative weights of ear components may be
reached.
The foregoing results show clearly the importance of maturity in
relation to yields. Other things being equal, even a slight delay in
harvesting sweet corn at any time during the period of edibility in-
creases the yield of cut kernels and materially reduces the percentage
of cob weights. It is obvious, therefore, that harvesting should be
delayed as long as possible. Quality, of course, according to Culpepper
and Magoon6
* and others, decreases as maturity advances. The rela-
tionship existing between delayed harvesting, field yields, moisture
content, and increased toughness of the pericarp will be discussed
later (pages 577 to 581).
Altho the sweet-corn ears on which data presented in this section
are based were of identical maturity as determined by the simultaneous
emergence of the silks, such ears were not actually in the same state
of physiological maturity. The variation was much less, however, than
is common at canning factories, where the ears vary all the way from
the early milk to the dented stage. According to these experiments,
relatively immature ears reduce the yield of cut kernels, whereas older
ears increase it. Therefore, such practices as soil fertilization, strain
selection, use of first-generation hybrids, Hoffman's
11*
system of
grading seed, or other practices which tend to reduce the range of
maturity, will increase the quantity of cut corn obtained from given
samples.
Causes for Variations in Percentages of Net Yield. Altho, as
shown by Culpepper and Magoon,
6* sweet-corn varieties may, because
of inherent genetic characters, vary widely in percentages of net yield,
the trends displayed in these experiments by the several yield com-
ponents remained virtually identical in all three varieties used (Tables
1, 2, and 3). Other factors which might cause variations in percent-
ages of net yield are climate, seasonal conditions, and fertilizers. That
climate, as modified by geographical location, exerts no consistent influ-
ence on the relations between the ear parts has been demonstrated by
Straughn.
20* Time of planting, likewise, as shown by Magoon and
Culpepper
14* and as confirmed by the present experiments, seems to
have no influence on the relative values of the ear components when
the ears are . harvested at the same stage of maturity as determined
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by moisture content. But fertilizers, particularly nitrogen salts, ac-
cording to considerable evidence obtained by the authors of this bul-
letin, may modify to a material extent the relationship existing between
the various ear components within a variety without necessarily chang-
ing the relationship between strains or varieties.
Relation Between Maturity and Toughness of Pericarp
Quality in green sweet corn is to a large extent dependent upon
tenderness of the pericarp; and in canned corn tenderness is undoubt-
edly the leading criterion of grade. Increasing toughness is very
closely related to advancing maturity, according to Culpepper and
Magoon,
6*
Haddad, 10* and others, and cannot be ignored in any
adequate interpretation of yields in sweet corn.
Penetration Tests on Pericarp. For practical purposes toughness
in sweet corn is best measured by the pressure required to puncture the
pericarp with a needle of standard size. The force required was, in
these experiments, measured in grams and is called "penetration value."
Toughness is, of course, in direct relation to the penetration value.
An instrument for measuring toughness is described by Culpepper
and Magoon, 6
* but as it is subject to all the variations inherent in coil-
spring balances, a special device was constructed for these experiments.
In brief, the instrument devised consisted of a compressed-air chamber
having at one end an elastic rubber diaphragm in contact with a
plunger holding the needle. The pressure of the compressed air upon
the plunger was registered on a manometer. The instrument was cali-
brated with a laboratory balance, twenty readings being taken at each
of a number of uniformly distributed points which, when plotted
graphically, gave a straight line. From the equation for this straight
line the manometer readings were converted into corresponding values
in grams for the pressure required to penetrate the pericarp with a
needle measuring .04 inch, or virtually 1 mm. (.0394 inch) in diameter.
Thirty penetration readings, taken spirally from tip to butt on each
ear of the 10-ear samples used in the individual-ear studies in 1931,
(Table 4), showed considerable variation in the penetration values of
the kernels on individual ears. Furthermore the mean penetration
values of individual ears frequently varied widely within a 10-ear
sample.
More nearly uniform penetration values within each 10-ear sample
might have been expected, as the ears were of the same physiological
age measured by emergence of silks; that is, the silks of each ear
emerged on the same day. The lack of uniformity in mean penetra-
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tion values among these ears consequently indicates that simultaneous
emergence of silks is not a very fine measure of the maturity of the
individual ears of an open-pollinated strain of sweet corn. Silk emer-
gence as a measure of maturity does not take into account genetic or
physiological factors which influence the rate of ear development on
the individual plants in the period from silk emergence to the stage of
best edibility.
2500
PENETRATION VALUES
PERCENT MOISTURE 10 EAR SAMPLES
PERCENT MOISTURE ALIQUOT SAMPLES
25 26 27 28 29 30 31
DAYS AFTER SILKING
FIG. 5. RELATION OF MATURITY TO TOUGHNESS OF PERICARP IN COUNTRY
GENTLEMAN SWEET CORN, MEASURED BY MOISTURE
CONTENT AND BY DAYS AFTER SILKING
Data on penetration of the pericarp and on moisture content are
presented in Table 4 and Figs. 5 and 6. There was very little difference
between the moisture content of the 10-ear and of the aliquot samples;
that is, the linear regressions almost coincided.
Penetration values for Country Gentleman showed a linear regres-
sion, and the data were therefore fitted to the straight-line equation
Y = a
-(- bx by Ezekiel's8
* method (Fig. 5). Culpepper and Ma-
goon's
6*
penetration values for Country Gentleman show a very similar
rapid increase in relation to maturity and an apparently linear rela-
tionship. Penetration values of Narrow Grain Evergreen, on the other
hand, were curvilinear (Fig. 6), contrasting sharply with the linear
values of Country Gentleman.
Culpepper and Magoon's
8* curve for the penetration values of
Narrow Grain Evergreen also seems to be curvilinear. According to
results obtained by Magoon and Culpepper, 14
*
however, the penetration
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curve of a given variety, when based on days after silking, does not
seem to be constant thruout the season. Consequently too much em-
phasis should not be placed on the type of penetration curve.
Regardless of the type of curve, in these experiments the penetra-
tion values of Narrow Grain Evergreen for any given moisture content
or for any given number of days after silking were greater than those
of Country Gentleman. At the same time, except in Series II, the mean
280 U
NARROW GRAIN EVERGREEN
PENETRATION VALUES
PERCENT MOISTURE 10 EAR SAMPLES
PERCENT MOISTURE ALIQUOT SAMPLES
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
DAYS AFTER SILKING
FIG. 6. RELATION OF MATURITY TO TOUGHNESS OF PERICARP IN NARROW
GRAIN EVERGREEN SWEET CORN, MEASURED BY MOISTURE
CONTENT AND BY DAYS AFTER SILKING
daily rate of loss in moisture was appreciably greater in Country
Gentleman than in Narrow Grain Evergreen (Tables 1 and 2). Cul-
pepper and Magoon's6
*
results show the same trend. From this it is
apparent that the rate of ripening in Country Gentleman is much more
rapid than in Narrow Grain Evergreen.
Effect of Denting on Penetration Values. The effects of some
additional influence on penetration values are indicated in the sudden
flattening of the curve in Fig. 6, beginning at about the 34th day after
silking. This flattening was particularly noticeable in the penetration
values of Narrow Grain Evergreen, but the values of Country Gentle-
man showed a somewhat similar tendency (Fig. 5). Concurrently with
this flattening of the curve a very rapid increase in denting of kernels
occurred. Denting is accompanied by a decrease in the turgor of the
kernels and a general flabbiness of the pericarp.
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In order to determine whether denting has any effect on penetra-
tion values, several samples of ears having varying percentages of
dented kernels were selected, and each type of kernel was punctured
separately (Table 5). In five of six samples involving both Country
Gentleman and Narrow Grain Evergreen, dented kernels had lower
penetration values than normal kernels, and in one sample (No. 2 of
Country Gentleman) the difference was significant. Altho the data
presented in Table 5 are hardly comprehensive enough for the drawing
of general conclusions, the importance of turgor in modifying the
results of penetration tests is clearly indicated.
TABLE 5. PENETRATION VALUES OF NORMAL AND OF DENTED KERNELS FROM THE
SAME EAR, Two VARIETIES OF SWEET CORN
Sample No.
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Statistical Analysis of Chemical Analyses of Sweet-Corn Kernels.
So far as the authors are aware, no one has expressed the numerical
relationship between moisture content and maturity of sweet corn. For
this reason a discussion of the subject is included here, altho it is based
upon published data rather than upon new analyses.*
Probably the best method of evaluating changes in the ear which
take place during the maturation period is that of quantitative chemical
analysis. Magoon and Culpepper's treatise on seasonal factors in rela-
tion to quality in sweet corn
14*
records numerous analyses (the largest
available accumulation of such analysis of sweet-corn ears at various
stages of maturity) of Golden Bantam and Stowell's Evergreen for
several planting dates. These analyses and certain others published by
the same authors,
6
'
7* in which identical chemical methods seem to
have been used, are in turn analyzed statistically in the present bulletin.
Objections to the latter analysis might be raised on the ground that
the effect of weather variations are ignored. It seems evident to
the authors, however, that if it is possible to establish definite relation-
ships with data of this type, the conclusions will cover a wider range
of application than would be true if all the samples were collected at
the same time. The results obtained apparently justify this assumption.
Readers not familiar with statistical procedures may find a brief non-
technical explanation of some of the terms and processes helpful. In attempts
to determine the relationships between the various factors being studied in an
experiment involving a large number of observations, statistical methods of
analysis are ordinarily used, as, for example, in a study of the association
between number of ears and number of bushels of shelled field corn per acre.
Data for this problem may be secured by counting all the ears and measuring
the number of bushels from each of not less than 50 separate fields. If the data
from these 50 observations are then plotted individually as points on a simple
graph, it will be obvious that the number of bushels per acre increase in relation
to the number of ears per acre. If the 50 points on the graph are connected,
however, the resulting line will probably be highly zigzag, showing, it is true,
a trend in one direction, but certainly a very devious trend. It is apparent from
the graph that number of ears has a great deal to do with number of bushels,
but it is equally obvious that something in addition to number of ears influences
number of bushels per acre, for otherwise the line would he relatively straight.
Some of these other influences might be the presence of badly filled ears, small
ears, bird damage, smut, etc. In fields where the ears were small or poorly filled
or damaged, more ears would naturally be required per bushel of shelled corn
than where the ears were large, well filled, and undamaged. In view of these
facts, therefore, it would be impossible to determine by means of simple curves
the relationship between number of ears and number of bushels per acre. The
simplest method of measuring such a relationship is by means of correlations,
which are expressed as coefficients when the graph tends to follow a straight
line or as indexes when the line is nonlinear. The correlation coefficients in this
bulletin are "simple" or "total" correlations, for no attempt has been made to
measure any of the extraneous conditions (such as blackbird damage, for ex-
[Footnote is concluded on following page.]
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Two methods of statistical analysis of these data have been used,
but these methods differ more in the range of material included and
number of variates needed than in any other respect. The first critical
analysis was to determine the relationship existing between total solids
and total sugars expressed as invert, and between total solids and total
polysaccharids calculated as starch. The second method of critical
analysis, the calculation of total correlations for the analyses of kernels
having between 20 and 25 percent total solids, is discussed on pages
538 to 539.
First Method, Measurement of Linear and Curvilinear Functions.
When the variates in the first critical analysis were plotted on an XY
axis, the values for starch changed trend very sharply at the point
where total solids approximated 15 percent. Since sweet corn at this
stage is far too immature to be edible, there is apparently nothing to
be gained by including variates with less than 15 percent total solids.
From the 15-percent point onward the variates plotted against total
solids showed clearly that the relationship of starch is distinctly linear
while that of invert sugar is curvilinear. A simple correlation may
therefore be used to express the relationship of starch (in the first
instance), but the correlation index of Mills
16*
-
SY 2
p*YX = 1 -
<rF 2
is a more accurate measure for the expression of the curvilinear rela-
tionship of invert sugar. Both coefficients were calculated according
to the methods outlined by Bruce and Reineke.3
*
ample, mentioned above) which might affect the two characters being correlated.
A perfect correlation coefficient would equal unity (1.00). But perfect cor-
relation is seldom found, and coefficients are almost always less than unity. A
coefficient which approaches unity of course indicates a close correlation. For
practical purposes a coefficient less than .40 indicates only a slight degree of
association.
Regression coefficients, also calculated in the present study, are used for
prediction purposes, and mean simply that when the independent variable or
character changes to the extent of one unit, the other or dependent variable
changes to the extent of the regression coefficient. For example, if the regression
coefficient between number of ears and number of bushels of shelled corn per
acre is
.01, for every increase of one ear per acre the number of bushels will
increase by .01 bushels; or, stated in another way, every increase of 100 ears
per acre will increase the yield by one bushel.
When once the regression coefficient is calculated, determining the regression
line becomes a simple matter. In the field-corn example mentioned previously,
the regression line would be a straight line instead of the highly zigzag curve
originally plotted. This straight line, or linear regression, may also be used for
prediction purposes.
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The calculation of the correlation index required that a curve be
fitted to the data. The simplest method of curve fitting is to reduce
the data, whenever possible, to a straight line, since linear relationships
are usually simpler and more accurately computed than other methods
of curve fitting when the variates are relatively few in number. The
method finally adopted was as follows:
1. The linear regression equation for the relationship between
starch and total solids was calculated, and from this equation the
values for starch were estimated (Fig. 7).
2. From the original sugar and starch analyses the sugar/starch
ratio was calculated (Fig. 8) and the latter converted into logarithms.
3. The linear regression equation for the relationship between the
sugar/starch ratio and the total solids, expressing the values of both
x and y as logarithms, was determined and the ratio for each total-solid
frequency was estimated (not shown).
4. The estimates calculated under No. 3 were then converted into
whole numbers and multiplied by the corresponding estimated values
for starch to obtain the values for the sugar curve (Fig. 9).
ESTIMATES FROM MORE THAN 50 ANALYSES
o STOWELL'S EVERGREEN
A GOLDEN BANTAM
ESTIMATES FROM SCATTERED ANALYSES
NARROW GRAIN EVERGREEN
COUNTRY GENTLEMAN
STOWELL'S EVERGREEN
GOLDEN BANTAM
I
14 16 20 22 24 26 28 30 32 34 36 36 40
PERCENTAGE OF TOTAL SOLIDS (DRY MATTER) IN KERNELS
FIG. 7. RELATION BETWEEN TOTAL POLYSACCHARIDS CALCULATED AS STARCH
AND TOTAL SOLIDS, IN FOUR VARIETIES OF SWEET CORN
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PERCENTAGE OF TOTAL SOLIDS (DRY MATTER) IN KERNELS
FIG. 8. RELATION BETWEEN SUGAR/STARCH RATIOS AND TOTAL SOLIDS,
IN FOUR VARIETIES OF SWEET CORN
The sugar/starch ratios form an exponential curve easily converted
to a straight line because both X and Y axes are logarithmic. On the
other hand, the sugar curve belongs to a type which cannot be trans-
formed to a straight line. It might, however, have been fitted by any one
of several methods had there been a larger number of variates.
The results of these calculations (omitting intermediate steps) are
summarized in Table 6 and plotted in Figs. 7, 8, and 9. A close re-
lationship between total solids and each dependent variable (total
sugars as invert, total polysaccharids as starch, and the sugar/starch
ratio) is evident. The correlation coefficients for starch are somewhat
higher than the correlation indexes for sugar.
Degrees of association between the dependent variables and factors
other than the independent variable are shown by the alienation index
(the standard error of estimate expressed as percentage of the standard
deviation of the dependent variable) described by Bruce and Reineke.
3*
The alienation index for total sugars, both in Stowell's Evergreen and
in Golden Bantam, is high. In Stowell's Evergreen 31.4 percent and in
Golden Bantam 44.3 percent of the variability of the total sugars were
unaccounted for by association with total solids. The alienation indexes
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PERCENTAGE OF TOTAL SOLIDS (DRY MATTER) IN KERNELS
FIG. 9. RELATION BETWEEN TOTAL SUGARS CALCULATED AS INVERT
AND TOTAL SOLIDS, IN FOUR VARIETIES OF SWEET CORN
for starch, on the other hand, were comparatively low, while those for
the sugar/starch ratio lay in intermediate positions. These differences
between alienation indexes and the difference noted above between
the correlation index for total sugar and the correlation coefficient
for starch indicate that total sugars were not so closely associated with
total solids as was total starch.
TABLE 6. RELATION BETWEEN DRY MATTER (TOTAL SOLIDS) AND THE THREE
DEPENDENT VARIABLES TOTAL SUGARS, TOTAL POLYSACCHARIDS, AND
SUGAR/STARCH RATIOS IN Two VARIETIES OF SWEET CORN
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Relations between the total solids and the total sugars, polysac-
charids (starch), and sugar/starch ratios in four varieties of sweet
corn are plotted in Figs. 7, 8, and 9. One set of two curves in each of
the three figures forms the basis of Table 6 and involves not less than
50 variates for each variety of sweet corn. The second set of curves
(for Narrow Grain Evergreen, Country Gentleman, Stowell's Ever-
green, and Golden Bantam) are based on data (Culpepper and Ma-
goon
6
*) which were limited in each variety, only four analyses of
kernels with total solids of more than 15 percent being available. This
second set of data is included here for the purpose of illustrating the
use of this method in estimating values.
The curves based on the complete and on the limited data for a
given variety and a given material either very nearly coincide or are
practically parallel. Those for total sugar in Stowell's Evergreen nearly
coincide (Fig. 9), but in Golden Bantam, altho practically parallel,
they fail to coincide. This divergence may be due to the fact that two
different strains of Golden Bantam were used. The starch curves for
the two types of data (Fig. 7) coincide neither for Golden Bantam nor
for Stowell's Evergreen, but it should be noted that they parallel each
other very closely.
As a result of the deviations in the total-starch and the total-sugar
curves, the curves for the sugar/starch ratios (Fig. 8) also show
divergences. The curves are of particular interest in bringing out
varietal differences.
Second Method, Measurement of Linear Functions in Probable
Edible Stages. The second method applied in expressing the relation
between total solids and the several chemical constituents of sweet-
corn ears was the calculation of total correlations for the analyses
(Magoon and Culpepper 14*) of kernels having between 20 and 35
percent total solids. This range of total solids undoubtedly covers the
chemical composition of any sweet corn used in canning.
The variates within the above limits are all essentially linear. The
coefficients are high without exception (Table 7), and significant ac-
cording to Fisher's test. The relationship between total solids and the
several chemical constituents of sweet corn were therefore very close,
thus confirming the previous mathematical analysis.
The above calculations were based upon total solids rather than
on moisture content, because the original data were recorded in that
form. Since moisture is the complement of total solids, it follows that
the only change resulting from the use of moisture content instead of
total solids would be a change in the sign of the coefficients and the
direction of the linear regressions.
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TABLE 7. CORRELATIONS BETWEEN TOTAL SOLIDS (IN THE RANGE FROM 20 TO 35
PERCENT) AND OTHER CONSTITUENTS IN Two VARIETIES OF SWEET CORN
Solids
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The tagged ears were harvested 22 days after silk emergence, this
being the time ordinarily required for sweet corn to reach the canning
stage in central Illinois when maturing before September 15. Upper
and lower ears were kept separate. All sorting and weighing was
done in the laboratory. The ears were husked by hand, care being
taken to cut the shanks off level with the butts of the ears. The
kernels were cut from the cobs with a Peerless whole-grain cutter
and the weights recorded, not of single ears, but of the entire sample
of upper ears comprising each picking. No attempt was made to cut
the kernels from the lower ears, largely because of the inadequate
number of ears in each sample.
Analysis of Yield Complex. The analysis of the yield complex is
given in Tables 8, 9, and 10.
TABLE 8. RELATION BETWEEN DATE OF SILK EMERGENCE AND PHYSICAL COMPOSI-
TION OF EAR HARVESTED 22 DAYS LATER, COUNTRY GENTLEMAN VARIETY
Unhusked ears
Date of silking*
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TABLE 8. Concluded
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Husked ears
Date of silking*
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The total number of unhusked ears, in the second column of each
table, also represents the total number of silks emerging on each of the
days. If these values were presented graphically, the resulting curve
would be somewhat skewed to the left, similar to the silking curves
shown by Culpepper and Magoon. 6
* In other words, the period ex-
tending from the emergence of the first silks to the mid-silking point
is less than that extending from the mid-point to the ultimate silking
date. The curves for upper and lower ears would be similar in shape,
but the silks of the upper shoots emerge somewhat earlier and more
rapidly than those of the lower shoots. Since the silks of upper and
of lower shoots emerge during the same period, both upper and lower
ears would be included in any load of corn delivered at the canning
TABLE 9. RELATION BETWEEN DATE OF SILK EMERGENCE AND PHYSICAL COMPOSI-
TION OF EAR HARVESTED 22 DAYS LATER, NARROW GRAIN EVERGREEN VARIETY
Unhusked ears
Date of silking*
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TABLE 9. Concluded
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Husked ears
Date of silking*
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TABLE 10. RELATION BETWEEN DATE OF SILK EMERGENCE AND PHYSICAL COMPOSI-
TION OF EAR HARVESTED 22 DAYS LATER, GOLDEN BANTAM VARIETY
Unhusked ears
Date of silking*
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TABLE 10. Concluded
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Kernels
Date of silking*
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Upper ears consistently weighed more than lower ears, probably
because of the more unfavorable location of the latter with respect to
carbohydrate translocation from the photosynthetic system.
The mean weights of kernels cut from the upper ears roughly fol-
lowed the weights of sorted husked ears at first they rose, then de-
clined after reaching a maximum.
The percentage of kernels cut from the husked upper ears tended
to decline during the latter part of the harvest season, a decrease which
was more pronounced when calculated on the basis of unhusked ears
than of husked ears. The decline in the percentage of cut corn from the
late-maturing ears is probably of no economic importance because very
little corn is harvested late enough to include many ears of this kind.
The physiological maturity of the ears measured by the moisture
contents of the cut kernels remained practically constant thruout the
harvest period, indicating that if given sufficient time, all the ears in a
given sample, except the culls, will develop to prime canning condition.
MATURITY AS RELATED TO THE YIELD COMPONENTS
IN A MASS POPULATION
The study of the development of individual ears of sweet corn
reported in the preceding portion of this bulletin confirmed the findings
of somewhat similar studies by other investigators, brought to light a
number of new facts (largely because of the somewhat different
angles of approach), and presented considerable evidence that moisture
content may be regarded as an accurate means of measuring maturity.
With these essentials established, the basis was provided for an ex-
haustive analysis of the yield components of relatively large mixed
populations of sweet corn at progressive stages of maturity.
Yields are considered from two entirely different viewpoints in the
subsequent work. The acre-yield analysis is entirely conventional and
needs no explanation. The percentage-yield analysis, on the other hand,
is apt to be confusing because two different bases are used the un-
husked-ear base and the husked-ear base. The two bases, however,
are similar in that they are calculated from actual weights and not
from counts. Unhusked ears included in the base were sorted out
sufficiently to be equivalent to corn ordinarily delivered under con-
tract to canning factories in Illinois, and the husked ears to the extent
of removing the immature ears and the culls.
The results of these experiments involving Country Gentleman,
Narrow Grain Evergreen, and Golden Bantam varieties are given
in Tables 11 to 16 and in Figs. 10 to 14.
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Samples of ears (not the same as those used in the individual-ear
experiments) used for the derivation of percentages of moisture were
random selections taken in quadruplicate and dried in the manner
previously described (page 526). In 1931 these included combined
samples of kernels cut from both prime and dented ears ; but in 1932
the corn cut from each type was kept separate, except samples of
Golden Bantam, which characteristically does not dent and for which
samples were taken from all the kernels cut off at each date.
In sorting ears, no matter how carefully, there is no means of
distinguishing visually between ears which have just reached the best
edible stage and those about to pass from it that is, to dent. Conse-
quently the sharp declines indicated in Tables 12 and 14 in the moisture
content of prime ears as maturity advanced were probably due to
errors of selection. According to the data in Tables 8, 9, and 10, the
moisture content of prime ears remained virtually constant when the
period of time elapsing between silk emergence and harvest was held
constant in any particular planting. As the field of corn advanced in
maturity, however, an increasingly larger percentage of ears in the
late-prime canning condition were included in pickings, and the
moisture content of any aliquot sample taken therefrom was con-
sequently reduced. This is why canners find it virtually impossible
to select sufficiently tender ears for canning corn in whole-grain style
out of more-mature ears snapped for cream-style canning. It is clear
that moisture samples, if they are to be representative, should be ob-
tained from the kernels of both prime and dented ears. In Tables 12
and 14 the weighted total-moisture content represents aliquot samples
taken from both prime and dented ears.
The percentage of moisture in cobs was taken from samples of
20 cobs each, obtained by drawing two cobs at random from each of the
ten replicates. The samples were taken separately from both prime
and dented ears. The cobs were dried in the manner described on
page 526.
Number of Sorted Unhusked Ears per Acre
On most of the series (Tables 11, 13, and 15) the number of sorted
unhusked ears per acre increased and then declined in the manner of
a skewed frequency distribution, and usually both increases and de-
creases were statistically significant. In some series, however, the
maximum total number of ears harvested came fairly early in the
harvest period ; in other series, later ; and in still others there was a
constant increase. These variations in time of occurrence of the
maximum number of ears during the harvest period may be attributed
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to the fact that harvest began at different stages of maturity in each
series and also to the influence of changes in the weather.
The increases in the number of unhusked ears are easily explained,
for the reason is obvious from Tables 8, 9, and 10. As the harvest
season advanced, an increasingly larger percentage of the total number
of ears which had been classed as immature or as culls (and thus in-
cluding lower ears) in the earlier pickings had now become sufficiently
90
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PERCENT PRIME HUSKED EARS
PERCENT DENTED HUSKED EARS
PERCENT KERNELS FROM PRIME HUSKED EARS
PERCENT KERNELS FROM DENTED HUSKED EARS
PERCENT KERNELS, PRIME PLUS DENTED HUSKED EARS
PERCENT MOISTURE. KERNELS FROM PRIME PLUS DENTED
| EARS, WET BASIS
COUNTRY GENTLEMAN I
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DAYS AFTER 75 7, SILKING
FIG. 10. RELATION BETWEEN MATURITY AND PERCENTAGES OF PRINCIPAL
YIELD COMPONENTS: COUNTRY GENTLEMAN SWEET
CORN, SERIES I, 1931
mature to be classed as usable unhusked ears. The results listed in
these three tables do not, however, explain the significant decreases
in number of sorted unhusked ears encountered during the later
pickings in some series (Tables 11, 13, and 15). Were such decreases
accompanied in turn by corresponding increases in the number of culls,
the explanation would be self-evident. Since no attempt was made
to count the number of unhusked culls it may only be inferred that
the number could not have increased without also increasing the weight,
which was recorded. Weight of unhusked culls did not increase. It
is therefore probable that the number did not increase. The present
data are inadequate for an explanation of the decline.
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There was apparently no direct relationship between moisture con-
tent and the period when the number of sorted unhusked ears reached
the maximum (Table 17). The mean moisture contents of Country
Gentleman, Narrow Grain Evergreen, and Golden Bantam were, re-
spectively, 65.7, 68.4, and 66.4 percent, but the variation within each
variety was very large indeed.
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FIG. 11. RELATION BETWEEN MATURITY AND PERCENTAGES OF PRINCIPAL
YIELD COMPONENTS: COUNTRY GENTLEMAN SWEET
CORN, SERIES IV, 1932
Weight of Sorted Unhusked Ears per Acre
The acre weights of sorted unhusked ears from Country Gentle-
man (Table 11) and Narrow Grain Evergreen (Table 13) increased
during the earlier stages of maturity, but the yields from Golden
Bantam (Table 15) were contradictory, owing no doubt to the disturb-
ing influence of Stewart's disease. In general, early increases in yield
were followed later in many of the series by a tendency to decrease,
but such decreases were significant only in isolated instances.
The maximum weight of sorted unhusked ears occurred with mean
moisture contents of 66.6, 68.3, and 66.4 percent in Country Gentle-
man, Narrow Grain Evergreen, and Golden Bantam respectively
(Table 17). These means are in fairly close agreement, and within
562 BULLETIN No. 432
M
I
si
cu o
Z H
c/5 H
* J2
u o
Is
n
I
OS
Id
-
S
2
1
1937] YIELD COMPLEX OF SWEET CORN 563
3
564 BULLETIN No. 432 [April,
varieties (Table 17) the -variation in moisture content was not nearly
so great as the variation in number of sorted unhusked ears. The point
where the weight of unhusked ears attained the maximum was appar-
ently subject to environmental influences, however, and could not be
considered very closely associated with a definite moisture content of
kernels. Also, altho the period of maximum weight of unhusked ears
corresponded fairly well with the period of maximum numbers of
unhusked ears, these periods did not agree so well with the period
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I I
BASIS: SORTED
UNHUSKED EARS
PERCENT PRIME HUSKED EARS
PERCENT DENTED HUSKED EARS
PERCENT KERNELS FROM PRIME HUSKED EARS
PERCENT KERNELS FROM DENTED HUSKED EARS
PERCENT KERNELS, PRIME PLUS DENTED HUSKED EARS)
PERCENT MOISTURE, KERNELS FROM PRIME PLUS DENTED
EARS, WET BASIS
NARROW GRAIN EVERGREEN I
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32 33 34 35 36 37
FIG. 12. RELATION BETWEEN MATURITY AND PERCENTAGES OF PRINCIPAL
YIELD COMPONENTS: NARROW GRAIN EVERGREEN SWEET
CORN, SERIES I, 1931
of maximum yields of prime husked and prime plus dented husked ears
(Table 17). This lack of agreement is important because it shows that
yields (on the basis either of weight or of numbers) of unhusked
ears may be unreliable as a measure of husked yields.
Weights of sorted unhusked ears declined in the later stages of
maturity (Tables 11, 13, and 15). Such declines must have been due
to an actual decrease in weight arising from moisture losses, a de-
crease which was undoubtedly greater than any possible increase ac-
companying the deposition of food materials, which are laid down in
the kernels alone. The calculated mean daily losses of moisture from
cobs alone were very small (Tables 12, 14, and 16), but the mean daily
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losses of moisture from the kernels alone amounted to
.96, 1.01, and
1.15 percent for Narrow Grain Evergreen, Country Gentleman, and
Golden Bantam respectively. Furthermore the decrease in yield began
at approximately the time of the appearance of dented ears in Country
Gentleman and Narrow Grain Evergreen (Table 17), comparisons
being made by means of the respective moisture contents. Dented ears
lose moisture very rapidly (Tables 12, 14, and 16).
PERCENT PRIME HUSKED EARS
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According to data presented in Table 17, three yield components
in Country Gentleman and Narrow Grain Evergreen number, weight,
and percentage of prime husked ears reached maxima simultaneously.
There is thus a very close relation among the yield components of
prime husked ears, as contrasted with the much looser relationship
among yield components of unhusked ears. This is a matter of con-
siderable importance, for it means that when corn is sold on the basis
80
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O PERCENT HUSKED CANNING EARS, BASIS SORTED UNHUSKED EARS
A PERCENT KERNELS CUT OFF HUSKED CANNING EARS, BASIS SORTED UNHUSKED
EARS
O PERCENT MOISTURE ON THE WET BASIS - KERNELS CUT FROM CANNING EARS
19 23
DAYS AFTER 75% SILKING
25
FIG. 14. RELATION BETWEEN MATURITY AND PERCENTAGES OF PRINCIPAL
YIELD COMPONENTS: GOLDEN BANTAM SWEET CORN, SERIES I, 1932
of husked ears, the grower, by harvesting at the proper time, obtains
the maximum yield of prime-quality ears and the canner receives at
the same time the highest possible percentage of prime husked ears
in each ton of unhusked corn.
The total number of husked ears (dented plus prime) increased for
a time after dented ears appeared in each series, except in Series V
of Narrow Grain Evergreen, where the total number reached the maxi-
mum just before the appearance of dented ears (Tables 11 and 13). In
all series except Series I of Country Gentleman, Series II of Narrow-
Grain Evergreen, and Series I and II of Golden Bantam, in all of
which the maximum total number of husked ears occurred at the last
picking date, the total numbers of husked ears in the later pickings
showed declines, some of which were statistically significant. As the
date of maximum total number of husked ears coincided (except in
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Series V of Country Gentleman, Series IV of Narrow Grain Ever-
green, and Series I of Golden Bantam) with the date of the maximum
number of sorted unhusked ears, it is apparent that the decrease in the
total number of husked ears was the direct result of the decrease in the
number of sorted unhusked ears, for which no satisfactory explana-
tion is available.
Weight of Prime Husked Ears per Acre
Acre-yields of prime husked ears from Country Gentleman and
Narrow Grain Evergreen varieties, measured by weight, increased
consistently (Tables 11 and 13) as maturity advanced to the maximum,
at which time, according to data in Table 17, the kernel moisture
content ranged from 68.4 to 72.0 percent in Country Gentleman and
from 66.4 to 71.8 percent in Narrow Grain Evergreen, the respective
means being 70.6 and 69.4 percent. As the desideratum in harvesting
sweet corn for canning purposes is prime husked ears, it follows that
the proper time to harvest these two varieties in order to obtain maxi-
mum yields of best-quality ears per acre occurs when the moisture in
the kernels reaches a mean of 70.6 percent in Country Gentleman and
69.4 percent in Narrow Grain Evergreen. This 70-percent-moisture
stage virtually coincided with the first appearance of dented ears, at
which time the percentages of moisture in the kernels were 69.6 per-
cent in Country Gentleman and 70.1 percent in Narrow Grain Ever-
green (Table 17). Thus, ordinarily, the proper time to harvest sweet
corn for canning cream style is just when dented ears first appear.
Sometimes when sweet corn is packed whole-grain style, a definite
effort is made to harvest a little earlier than for cream-style, in order
to secure a more tender pericarp. While this practice is apparently
justified by the results of the penetration tests (pages 528 to 532), it
entails a material reduction in yield which must be balanced against
the gain in quality. There is some reason for believing that earlier
harvesting in order to obtain better quality may be more justifiable
with Country Gentleman than with Narrow Grain Evergreen. Ac-
cording to the data from the individual-ear experiments (Tables 1
and 2) and the data given in Tables 12 and 14, the loss of moisture
in Country Gentleman is more rapid than in Narrow Grain Evergreen
and correspondingly the rate of maturity is more rapid in the former
than in the latter, a difference that agrees with the experience of Illinois
canners.
Coupling this difference in the loss of moisture with the fact that
Narrow Grain Evergreen is not only consistently tougher than Country
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Gentleman, but also has a slower rate of increase in toughness of peri-
carp (Figs. 5 and 6), there exists a definite basis for the premature
harvesting of Country Gentleman when packing whole-grain style. By
harvesting Country Gentleman only a day or two earlier than the date
of maximum maturity a substantial gain in tenderness is obtained with
only a moderate loss in yield. On the other hand the toughness of
pericarp in Narrow Grain Evergreen increases with maturity at a
relatively slow rate and premature harvesting therefore entails a con-
siderable loss of yield with only a slight compensating gain in tender-
ness. In other words, the yield losses due to premature harvesting in
the two varieties are about the same; it is gain in tenderness which
differs markedly when they are prematurely harvested.
Percentage of Prime Husked Ears
The percentage of prime husked ears increased in relation to ma-
turity in the same manner as did acre-yields, the maxima being
reached (Table 17) at the same time in each series. This concurrence
is highly significant from the economic point of view alone, because
it exposes one of the fallacies involved in calculating yields and in
purchasing sweet corn on the basis of unhusked ears. When sweet corn
is purchased on the unhusked basis, growers who realize that sweet
corn gains weight rapidly during the maturation period often delay
harvesting as long as possible. From the standpoint of weight alone,
delay may be profitable (pages 561 to 565) ; but when both weight and
quality are considered, the delay may often be detrimental.
That the purchase of sweet corn on the basis of husked ears, with
dockage for a more than nominal ratio of dented ears, is a fair method
of purchase is evident from the results of these experiments, in which
the period of maximum yield per acre and of maximum ratio of prime
husked ears coincided exactly (Table 17).
Total Weight of Prime Plus Dented Husked Ears
Altho the weight of prime husked ears per acre declined very
rapidly after reaching the maximum point, the total weight of prime
plus dented husked ears continued to increase for some time longer
(Tables 11 and 13). This continued increase was in keeping with the
tendency for yields of sorted unhusked ears to increase beyond the
time when yields of prime husked ears reached the maximum. Total
yields of husked ears, however, in all series except Country Gentle-
man II, continued to increase for some time after the maximum yield
of unhusked ears was reached (Table 17).
The mean weighted moisture contents of the kernels at the time of
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maximum yields of sorted unhusked ears were 66.6 percent in Country
Gentleman, 68.3 percent in Narrow Grain Evergreen, and 66.4 percent
in Golden Bantam (Table 17) ; and at the time of maximum yield of
prime plus dented ears (total sorted husked ears of Golden Bantam)
the respective moisture contents were reduced to 64.4, 63.0, and 65.2
percent. The correspondence between date of maximum yield and
moisture content does not, however, seem to be fixed definitely. There
was considerable variation in the moisture contents among the several
series, the range for Country Gentleman being 57.9 to 67.8 percent, for
Narrow Grain Evergreen, 60.6 to 65.4 percent, and from 60.5 to 70.0
percent in Golden Bantam.
Percentage of Prime Plus Dented Husked Ears
The percentages of prime plus dented husked ears computed on
the basis of the sorted unhusked ears tended to reach the maximum
at an even earlier date than did the yield on the basis of weight (Table
17). In Country Gentleman this point apparently lay either at the
extreme limit of the picking period covered, or at some point beyond ;
but in Narrow Grain Evergreen Series I, II, and III it lay within the
period covered. This period of maximum percentage is of no particular
importance, because sweet corn is inedible at that stage. It does show,
however, that the stages of maturation succeed each other closely, and
that each one is significant in a different way.
Weight of Kernels Cut From Prime Ears
From the standpoint of the canning industry the yield of cut corn
from prime ears is more important than any other yield component,
because the number of cases of canned corn per acre depends directly
upon it. Both in Country Gentleman and Narrow Grain Evergreen
the peak yield of prime ears and of cut corn from prime ears very
nearly coincided (Table 17). According to these data, the harvest period
that will yield the maximum edible product in either of these varieties
is when the yield of prime husked ears reaches the peak i.e., when
dented ears begin to appear in nominal quantities. Since Golden
Bantam prime ears cannot be distinguished visually from those past
prime there is no way of determining when the maximum production
of prime ears is reached other than by moisture tests.
Percentage of Kernels Cut From Prime Ears
The ratio of cut corn from prime ears to sorted unhusked ears,
expressed as percentages (Tables 12, 14, and 16), increased signifi-
cantly as maturity advanced and reached the maximum ( Table 17) at
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the same time as the acre-yield. The relationship between this and
other yield components is shown in Figs. 10, 11, 12, and 13 and is
discussed on pages 560 to 565.
The maximum ratios of cut kernels for the four series of Country
Gentleman that were cut whole-grain style averaged 35.8 percent
(Table 12, Series I to IV), and the same was true for Narrow Grain
Evergreen (Table 14). Means such as these support the conclusion
that sweet corn should be harvested at the time when moisture content
reaches 70 percent or, by inspection, when dented ears begin to appear.
The percentages of cut kernels from prime ears were also calculated
on the basis of weights of prime husked ears equaling 100 percent.
The maximum ratios (Table 17) were reached at a much later stage in
virtually every series, the moisture averaging 64.5 percent in Country
Gentleman, 64.4 percent in Narrow Grain Evergreen, and 67.2 percent
in Golden Bantam. The maximum was attained at a much lower mois-
ture content by this method of computation because the weights of the
cobs followed a trend different from that followed by the weights of
the prime ears. The trend followed by weights of cobs may be deter-
mined from Tables 11, 13, and 15 by making suitable calculations.8
Weight of Kernels Cut From Prime Plus Dented Husked Ears
The period of maximum yields of usable ears came at practically
the same time as the period of maximum yields of kernels cut from
usable ears (Table 17). The moisture content of the kernels from
prime ears varied at this time from 63 to 64 percent, and the weighted
total percentage of moisture averaged 64.2 percent in Country Gentle-
man, 62.8 in Narrow Grain Evergreen, and 65.2 percent in Golden
Bantam.
Percentage of Kernels Cut From Prime Plus Dented Husked Ears
The maximum percentage of kernels cut from prime plus dented
ears, calculated on the basis of the weight of the unhusked corn equal-
ling 100 percent, was obtained at approximately the same weighted
total-moisture content as the maximum yield namely, 62.7 percent in
Country Gentleman and 62.2 percent in Narrow Grain Evergreen
(Table 17). In Golden Bantam, however, the moisture at this period
was 67.2 percent, which was slightly higher than at the period of
maximum yield, when it was 65.2 percent (Table 17).
'Subtracting the weights of the prime kernels from the weights of the prime
husked ears gives the weights of the cobs.
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Time of Appearance of Dented Ears
The first appearance of dented ears in Country Gentleman and
Narrow Grain Evergreen occurred when the moisture content averaged
69.6 and 70.1 percent respectively (Table 17). This average moisture
content was practically the same as that (70 percent) found when the
maximum yield of prime husked ears was obtained (page 567), and
consequently the first appearance of dented ears may be accepted as an
accurate indication of the appropriate time to harvest sweet corn of the
types used in these experiments.
As a matter of general practice, however, sweet corn is usually
harvested for canning at the time when dented ears are becoming more
noticeable. Packers find that a fancy cream-style grade may be canned
when, by weight, dented ears do not exceed 5 percent of the unhusked
ears. The weighted mean moisture content of the kernels at this
period was 68.6 percent in Country Gentleman and 67.4 in Narrow
Grain Evergreen (Table 17). The moisture of the kernels from dented
ears was considerably lower, averaging respectively 65.0 and 65.2 per-
cent. The actual mean percentage of dented ears was 3.9 and 4.2 per-
cent, respectively (Table 17).
Yields of Culls, Green Ears, and Husks
Unhusked culls in several of the series (Tables 11, 13, and 15)
showed slight increases in weight for a short time during the matura-
tion period, but in all cases the weights of culls definitely declined
during the later stages of maturity. This decline was due to the fact
that many of the unhusked culls were actually immature ears, and in
the latter part of the maturation period many of these ears had matured
and were included with the usable ears.
The weights of husked culls also declined in the later stages of
maturity (Tables 11, 13, and 15), probably, as stated above, because
many of the so-called culls were actually undeveloped ears which
should be classed as
"green ears." The distinction is difficult to make
and, furthermore, unimportant. The percentage of husked culls de-
clined in the same manner as the weights (Tables 12, 14, and 16).
Weights and percentages of husked green ears declined rapidly as
the maturation period advanced. In accordance with expectation, green
ears did not appear at all after the first few pickings (Tables 11, 13,
15, and 12, 14, 16).
The husk ratios (Tables 12, 14, and 16) declined significantly as
maturity advanced. This decline in percentage of husks (by weight)
was, however, only a matter of mathematical function, as, with one
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exception, there was no significant decline in mean weights of husks
from either upper or lower ears (Tables 8, 9, and 10).
That the husks of the individual ears actually lose some weight as
they advance in maturity is shown in Figs. 3A and 4A, but the loss is
small and apparently due to the loss of moisture (Figs. 3C and 4C).
The real reason for the decrease in the husk ratios (Tables 12, 14, and
16) was the large increase in weights of kernels as maturity advanced,
which in turn produced increases in weights of unhusked ears and
caused percentages of husk weights to be proportionately smaller.
Altho ear weights declined later on, this decrease was not sufficient to
offset the decrease in the husk ratios.
COMPARISON OF TWO STYLES OF CUT AND
THE EFFICIENCIES OF CUTTERS
In all the experiments the corn was cut whole-grain style, except
certain pickings in Series V of both Country Gentleman and Narrow
Grain Evergreen, in which it was cut cream style as soon as it had
reached the proper stage of maturity for that type of pack. This change
in style of cutting when maturity advances too far for whole-grain
packing is the usual commercial practice, for altho ears may have be-
come too tough for the whole-grain style of pack, they may still be at
the right stage of maturity to pack a high-grade cream-style product.
Except in Series V, therefore, the entire work on cut corn in these
experiments might be open to criticism because the whole-grain style
of cut was used thruout. Consequently comparisons of the two types
of cut, using several models of cutters, were made.
In this experiment small fields of each variety Country Gentleman,
Narrow Grain Evergreen, and Golden Bantam were harvested at
the prime canning stage, the moisture content of the kernels averaging
approximately 70 percent and only a very few dented ears appearing.
The ears were husked by machine and washed, sorted, and trimmed,
according to the usual canning-factory procedure, in the canning
laboratory of the Illinois Agricultural Experiment Station. The
trimmed corn was then weighed out in samples of 20 pounds each and
each sample was cut separately. The results (Table 18) are the means
of numerous replications.
The data on cuttings by the Burpee hand cutter were included in
Table 18 because this cutter was used in 1931. However, before the
data were entered in the various tables, the 1931 results were converted
into values corresponding to those obtained from the Peerless whole-
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TABLE 18. CONVERSION TABLE: MEAN PERCENTAGES OF CORN CUT IN DIFFERENT
STYLES BY DIFFERENT CUTTERS, AND INDEX NUMBERS ENABLING YIELD
FROM ONE STYLE OF CUT AND CUTTER TO BE CONVERTED TO
YIELDS FROM OTHER STYLES OF CUT AND CUTTERS
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MOISTURE CONTENT OF THE COBS
The decline in the moisture content of the cobs during advancing
maturity paralleled rather closely the decline in the moisture content of
the cut corn but remained at a somewhat higher level (Tables 12, 14,
and 16).
Since the moisture content of the cobs declined progressively, it
can apparently be used as a measure of maturity. By methods used in
these experiments, however, moisture content was more laboriously
measured in cobs than in kernels. Furthermore moisture content of
cobs, as a measure of maturity, has the disadvantage of being only an
indirect indication of the maturity of the kernels.
SILK EMERGENCE AS A MEASURE OF MATURATION
Ability to estimate the maturity of an entire field of sweet corn
by means of small but representative samples would be distinctly valu-
able to grower and canner. The experiments which have been dis-
cussed here suggest such a possibility on the basis of (1) the similar-
ity between the respective moisture contents of single tagged ears whose
date of silk emergence is known and samples taken from a mass popu-
lation
;
and (2) the validity of predicting maturity of a large population
on the basis of silk counts from small samples.
The results graphed in Figs. 5 and 6 show that the percentage of
moisture was an accurate index of maturity, and that individual ear
samples of known age as determined by silk emergence were almost
identical with aliquot samples taken from a large population whose
age in turn was known only by means of silk counts taken on a few
small plots scattered at intervals thruout the field and then only on
the basis of 75 percent of the theoretical stand. The evidence in Figs.
5 and 6 taken in 1931 is supported by the 1932 results. From a com-
parison of the moisture contents of individual ears in Tables 1, 2, and 3
with the equivalent weighted means of the mass populations in Tables
12, 14, and 16 it is obvious that the two if plotted would show very
similar trends. It would also be found that the plotted courses of the
weights and percentages of cut corn and sorted husked ears, as well as
of the weights of unhusked ears in relation to maturity, would resemble
each other very closely.
These relationships are based on certain theories about silk emer-
gence. Therefore, before the relationships can be accepted as evidence
it will be necessary to prove that the theories about silk emergence are
correct.
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Silk emergence has been shown by Culpepper and Magoon8 ' 14
* to
be a fairly reliable basis for predicting the maturity of sweet corn.
The same investigators have shown that the peak of the silking period
(which they call the "mid-silking period") is an even better point from
which to predict maturity, and that the length of the silking period
corresponds rather closely to the length of the period of edibility.
But with these facts known it is still essential to know how to
utilize this knowledge as a practical basis for predicting maturity. For
example, what is the mid-silking period and how can it be determined?
Is the mid-silking period the peak point in the production of all the
silks, including silks of suckers, or is it simply the peak of silk emer-
gence on those shoots most likely to produce an ear? Obviously it is
quite impossible to make any such separation because suckers and main
stalks are likely to be almost identical in appearance. What is needed is
a method for determining the mid-silking point easily and expeditiously.
As stated above, maturity both of the individual ears (Tables 1, 2
and 3) and of the mass populations (Tables 11, 13 and 15) was
measured from the time when silk emergence reached 75 percent of the
theoretical stand. This was assumed to be the
"mid-silking period."
It is important to show that the two points were actually equivalent.
The 75-percent point has worked well in experiments with sweet corn
at the Illinois Station during the past ten years. The location of the
two points in the present experiments may be made from the com-
plete silking records appearing under the column headed "Total
number unhusked ears" in Tables 8, 9, and 10, which is equivalent to
the silks actually counted. The calculated results appear in Table 19.
The actual median number of silks is shown in Table 19, but the
selection of the date when the median number appeared was somewhat
arbitrary owing to the fact that counts were made only at 24-hour
intervals. However, August 10 and July 26 were selected as the dates
on which 50 percent (the median) of the total number of silks had
emerged. The actual number of silks appearing the day before and the
day after are also shown. Thus in Country Gentleman the total silk
emergence on August 9 was 271, August 10, 382, and August 11, 444.
Clearly August 10, the date on which silk emergence totaled 382, was
nearest the true median of 357. Similarly in Narrow Grain Evergreen
the total emergence on August 10 was 386, which was closer to the
median of 434 than was 498, the number of silks appearing August 11.
In Golden Bantam the median total silk emergence was 250 and on
July 26, 225 silks had actually emerged.
Table 19 shows further that the number of silks corresponding to
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75 percent of the theoretical stand was 351 silks in Country Gentleman
and Narrow Grain Evergreen and 324 in Golden Bantam. Since 382
and 386 silks were actually counted on August 10 in the Country
Gentleman and Narrow Grain varieties respectively, this date would
be the estimated median point, since both 382 and 386 were very close
to the theoretical 75-percent point, 351. With respect to Golden
Bantam, July 27 would be selected instead of July 26, because the total
count on the 27th reached 330, which was very close to the theoretical
75-percent point, 324. Thus in Golden Bantam there appeared a dis-
crepancy of one day which, however, was not serious.
The question may be raised why 75 percent of the theoretical per-
fect stand was selected as being equivalent to the median point. In
the first place, allowance must be made for the fact that the actual
stands are much less than the theoretical, altho this difference is count-
erbalanced to some extent by the possible influence which missing
plants and hills would have on the number of shoots produced by the
remaining plants. In the second place, allowance was made for only
one shoot per stalk, whereas according to the data in Tables 8, 9, and
10, 32.0, 33.4, and 29.8 percent, respectively, of the total silks of
Country Gentleman, Narrow Grain Evergreen, and Golden Bantam
emerged from lower shoots.
The relationship between the 75-percent stage and mid-silking, when
the foregoing conditions are taken into consideration, are as follows:
If the theoretical stand is 2 plants per hill, the total theoretical stand
for 500 hills would be 1,000 plants; and at one shoot per stalk the total
theoretical number of shoots would be 1,000. Consequently the 75-per-
cent point of silk emergence would be reached when 750 silks appear.
But about one-third of these, or 250 silks, would be silks on lower
shoots, according to the percentages given in the preceding paragraph,
and consequently only about 500 the median point of the 1,000 plants
would be silks on upper shoots. Therefore, 75-percent silk emergence
of the theoretical stand equals the theoretical median silking of the
upper ears, and since lower ears show only a slight lag it is usually
also the mid-silking point of these. If the actual stand does not deviate
too much from the theoretical, the method is satisfactory, as shown in
Table 19.
The data presented in Table 19 show that determining the theor-
etical median silking point is for all practical purposes just as accurate
as keeping a tagged record of all silks as they emerge. Since, in the
mass-population experiments reported in Tables 11 to 16 (pages 548
to 559) this method proved to be accurate when applied to a few plots
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TABLE 19. ACTUAL MEDIAN POINT OF SILK EMERGENCE AND MEDIAN POINT
DETERMINED BY CALCULATION
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and cumbersome. The test for toughness may be an exception, but no
corn canner in Illinois uses it consistently. The thumb-nail test dis-
cussed by Appleman 1
*
is used to a considerable extent, but as individual
ears vary widely, it is difficult to estimate the maturity of a whole field
of corn by testing a few ears with the thumb nail.
A better and more accurate test, and moreover one which supple-
ments the thumb-nail test very nicely, is to determine the ratio of
dented ears in a sample of corn. This test can be made in a few
minutes, and that it is accurate is shown by the present investigations.
Several of the most experienced canners in Illinois agree with this
conclusion. They have found that fancy Country Gentleman corn
cannot be packed from lots which contain, by weight, appreciably more
than 5 percent dented ears. Ten percent seems to be the maximum.
Some canners regard the appearance of more than a few dented ears
as being detrimental to quality. The same conclusions have been
reached with respect to Narrow Grain Evergreen, altho it should be
understood that a strictly fancy grade of this variety cannot be packed
at any stage of maturity because, as shown in the text, it has a much
tougher hull than Country Gentleman at all times during the canning
period.
The rapid and accurate determination of maturity is absolutely
essential for the purchase of sweet corn on a grade basis.
To the grower the fact that yields increase as maturity advances is
superficially of more direct importance than quality. The grower gen-
erally believes that the longer he allows his crop to remain in the field
the greater will be the total weight of ears harvested. The investiga-
tions reported here deal with this point in considerable detail. It is true
that the total weights of both unhusked and husked ears and of kernels
increase in relation to maturity, but not indefinitely, as many growers
suppose.
The sequence in the maturity of the several yield components must
be held firmly in mind in order to evaluate the subsequent discussion.
The order in which a field of sweet corn matures (Table 17), as meas-
ured by the moisture content at the time when the yield of each com-
ponent reaches the maximum, is, according to these investigations, as
follows:
1. Number, weight, and percentage of prime husked ears, which is followed
very closely by
2. Weight and percentage of prime cut kernels, which coincides with the
first appearance of dented ears.
3. Number and weight of sorted unhusked ears.
This sequence holds true for Country Gentleman and Narrow
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Grain Evergreen, but in Golden Bantam, using Series II as the basis,
the weight and percentage of cut kernels comes first and the weights of
the sorted unhusked and sorted husked ears come together and are
second.
The fact that the sorted unhusked ears reach their maximum
weights later than the other components is a point of major importance.
It is not only the source of most of the disagreements between canners
and contract growers, but also forms the chief argument against the
practice of writing contracts for the buying of sweet corn on the basis
of unhusked ears.
On the basis of these experiments there was only one series out of
ten (Country Gentleman Series II) where the weights of the unhusked
ears showed a significant gain after the prime husked ears had reached
their maximum weights. On the other hand, in nine out of the ten
series (excluding Bantam) the maximum weights of sorted unhusked
ears came after the maximum weights of prime husked ears, but the
increases were not significant. In other words, altho statistically there
is no particular gain for the grower to be had by delaying harvest, yet
the drift is very strong in that direction. In nine out of the ten series
that tendency was shown ; and in addition it is supported by popular
belief.
Since prime husked ears reach maturity first in the sequence, it is
obvious that if a canner wants a good quality of raw product he must
contract on the basis of husked ears or cut kernels, either of these
bases permitting maturity sequences to be taken into consideration.
There will then be no temptation for the grower to delay harvest,
especially if the dockage becomes increasingly heavier as the percent-
age of overmature (dented) ears increases. Some such basis for buy-
ing is almost a necessity if tender whole-grain style of corn is to be
packed.
The experiments show clearly that if tenderness is desired, harvest
must be early, because it is out of the question to try to separate ears
from the sorting belt into "whole-grain" maturity and "cream-style"
maturity. A given lot must be either one or the other; it cannot be
both unless the canner uses a strain wrhich matures very unevenly.
It is true, of course, that early harvesting pays much better with a
rapidly maturing variety than with one which matures slowly. Thus
in Country Gentleman maturity is rapid and the increase in toughness
occurs at a uniform rate. Early harvesting sacrifices yield but gives a
large increase in tenderness. In the slower maturing Narrow Grain
Evergreen toughness increases at a variable rate and earlier harvest
does not appreciably increase tenderness. Probably this is the reason
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why rapidly maturing varieties are usually the ones which are canned
whole-grain style.
Any proposal to contract sweet corn on the basis of husked-ear or
cut-kernel weights is not particularly welcomed either by the grower
or by the canner. The grower is apt to be suspicious of the method and
the canner objects to it because it involves sampling, which is expen-
sive. However, sampling for this purpose is not any more expensive
than the sampling necessary in buying cannery tomatoes on official
grades. In addition, if the canner wishes to buy sweet corn on official
grades, sampling is a necessary part of the procedure.
It is, however, rather difficult to buy sweet corn on a graded basis ;
and that this difficulty is recognized is indicated by the fact that the
official grades are still experimental. Buying according to grades is
done either on the net (husked) basis, or on the basis of cut kernels.
In either case a sample must be taken, usually 50 pounds of unhusked
corn from each load.
In grading the corn the canner must first know what constitutes a
normal sample. A normal sample differs with each variety ; but when it
is known for a given variety, prices can be established on the basis of
(1) maturity as determined by the presence of immature and dented
ears, and (2) percentage of husked prime ears or of cut corn.
The question is, what percentage of prime ears or of cut corn
should a normal sample of each particular variety contain? It is essen-
tial to establish this point, because the normal price must be based on
the normal sample, and any dockages or premiums must be calculated
accordingly. Some canners in Illinois who are buying on the husked-
ear basis have established, by means of averages from a large number
of samples, the fact that Narrow Grain Evergreen and Country Gen-
tleman will husk out normally 60 percent prime ears by weight. Bases
calculated from the experiments reported here by averaging the means
of the maximum percentages of prime husked ears are 62.6 percent for
Country Gentleman (Table 12), 64.6 percent for Narrow Grain Ever-
green (Table 14) and 49.1 percent for Golden Bantam (Table 16).
Thus it is evident that the Illinois base of 60 percent is practically
correct.
Too high a base works a gross injustice on the grower, whose corn
is then expected to meet an unreasonably high standard. Conversely
a base which is too low discriminates against the buyer. When, for
example corn is contracted at $12 a ton unhusked, at a base of 60 per-
cent, the canner expects to get 1,200 pounds (60 percent of 2,000
pounds) of prime husked ears for $12. The grower who brings in corn
testing 55 percent prime husked ears receives payment according to the
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proportion 60:55 = 12: X, or $11 a ton. If the base were 50 percent
he would receive $13.20 a ton (50:55 = 12: X), and if the base were 70
percent he would receive $9.43 a ton (70:55 =- 12: X).
The whole matter is complicated by dockages for overmature
(dented) ears, poorly filled ears, and immature ears. As mentioned
previously, some canners believe that lots containing more than 5
percent of dented ears should be rejected entirely, but others think a
sliding scale of values is better. In the latter event they would pay the
base price for prime ears out of lots containing less than 5 percent of
dented ears and assess increasingly high dockages against this base
price for increasingly high percentages of dented ears. It is obvious, of
course, that such a system would not work with varieties such as
Golden Bantam, which does not have a characteristic denting.
PART II: CORRELATION ANALYSIS OF THE
YIELD COMPLEX IN SWEET CORN
The investigations reported in Part I were limited to the changes
which occur in yield components of sweet corn with respect to the
advancing maturity of the crop. Considerable evidence of the existence
of a close relationship between the yield components themselves was
found, but no attempt was made to measure this relationship definitely,
owing to the rapid changes which characterize the ripening period. In
the experimental work reported in Part II the effect of advancing
maturity (time) was eliminated by harvesting all the plots in the sev-
eral series at identical stages of maturity. By means of this procedure
the relations between yield components could be measured in terms of
correlation and regression coefficients.
EXPERIMENTAL METHODS
Two varieties of sweet corn, Country Gentleman and Narrow Grain
Evergreen, were used in these experiments. The strains used were the
best of those selected by ear-row methods at the Illinois Station and
were identical with the strains used commercially by canners in Illinois.
The experimental data were secured from six series of experiments
entirely distinct from those reported in Part I. Four of the six series
were planted with Country Gentleman and the remaining two with
Narrow Grain Evergreen. Nos. I, II, and V were grown in 1931, and
Nos. Ill, IV, and VI in 1932.
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Series I consisted of 268 plots of 10 hills each, planted 38 by 38
inches. These plots were planted at uniform intervals over a large
field and served primarily as check plots in a yield trial of numerous
first-generation sweet-corn hybrids of the same variety.
Series II consisted of 70 plots of 44 hills each, planted 42 by 42
inches and located at uniform intervals in two 10-acre fields where
rotation- fertilizer studies of sweet corn were being made. The 70 plots
were unfertilized checks, half of which were grown the first year and
half the second year after red clover. The plots were actually the two
center rows of larger plots consisting of 8-by-22 net hills, each without
border. Thus there was absolutely no border effect in Series II.
Series III consisted of 68 plots, each 44 hills in size, forming part
of the same rotation-fertilizer experiment as Series II. The only
difference between Series II and III was that 33 of the 68 plots had
moved along to another field in order to follow the rotation. The
remaining 35 plots were identical with Series II but were planted a
year later.
Series IV consisted of 283 plots, each 10 hills in size, planted 38 by
38 inches. These plots were planted as checks at uniform intervals in a
trial of one variety of first-generation hybrids. Series I and IV differed
only as to the year when they were planted.
Series V consisted of 110 plots, identical with Series I in all respects
except variety.
Series VI consisted of 91 plots, identical with Series V except that
it was planted a year later.
All the series were harvested at the prime canning stage, which
coincides with the nominal appearance of dented ears. Thus, so far as
maturity was concerned, the entire experiment was harvested at the
same stage.
In order to eliminate errors in snapping, all the shoots showing
silks were harvested and sorted carefully into two classes unhusked
culls and sorted unhusked ears. The latter class was considered to be
equivalent to sweet corn as usually delivered to canning plants in Illi-
nois. The other sorting methods were the same as those used in the
experiments reported in Part I, page 513.
All the corn was cut whole-grain style. It was not washed, nor was
it trimmed to remove defective spots before cutting. Two old-style
Peerless huskers were used to husk the ears and were set in such a
manner that the shanks were cut off as close to the butts as possible
without cutting off any portion of the butt itself.
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STATISTICAL METHODS
Formulas and sources for the particular methods used in the cal-
culations involved in this study were as follows:
The total correlations were calculated according to the method
described by Hottes and Huelsen. 12
*
Significance of the correlation
coefficients was determined by the probable errors according to the
formula
.6745 (1 - r2 )
P.E. =
V n
The significance of the differences between the correlation coefficients
was calculated according to Fisher's
9* method (p. 182, ex. 32) ; and the
weighted means of the correlation coefficients were determined by
means of Fisher's example (p. 183, ex. 33). The regression coefficients
and the regression lines were most conveniently calculated according
to the method described by Rietz. 18
* The standard errors of the
regression coefficients were calculated according to the formula
S.E. =
ay \/ n
given by Burgess.
4* The standard errors of the weighted mean re-
gression coefficients were calculated according to the same formula as
used for a weighted mean of means in Part I, page 514, standard
errors being substituted for the probable errors in the formula.
INTERPRETING THE CORRELATION COEFFICIENTS
The coefficients presented in Tables 20 and 21 measure the degree
of association between certain of the more important yield components.
As each of these studies is confined to a highly selected variety, the
correlations are probably physiological rather than genetic. Since, in
addition, the observations are confined to the attributes of yield, the
question may be raised as to how far the mathematical analysis may
be carried and still avoid a nonsense interpretation from the biological
standpoint. After giving the matter careful consideration the authors
believe that partial correlations may not properly be used, for the
simple reason that from the biological viewpoint it is rather doubtful
whether the influence of one or more of the components can be stabil-
ized or eliminated. For instance, in determining the first-order partial
correlation between the weight of prime husked ears and the weight
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of prime cut corn, it is doubtful whether the influence of cobs can be
stabilized, because cut corn and cobs are simply parts of the prime ear,
and it is hardly reasonable to suppose that the physiological influence
of a fundamental part of the whole can be held constant in order to
measure the association of another part with the whole. The authors
believe that similar criticisms may be leveled against the use of multiple
correlations, and they have therefore used only the simple or total
correlations.
EXPERIMENTAL RESULTS
The correlations for the varieties Country Gentleman and Narrow
Grain Evergreen, grown in 1931 and 1932, are presented in Tables 20
and 21. The coefficients are divided into five groups into which they
seem to fall both naturally and logically, bearing in mind that the
yield of sweet corn (ears) as it comes from the field may be broken
down into the following components:
1. Unhusked culls
2. Sorted unhusked ears
a. Husks
b. Husked culls (including immature ears)
c. Prime husked ears
a a. Cut kernels
bb. Cobs
Yields of ears may be expressed according to number and weight.
The weight per ear is the ratio between the weight per acre and the
number of ears.
Correlation Coefficients of Yield Components
The correlation coefficients of the components ordinarily used in
measuring the yield of sweet corn sorted unhusked ears, prime husked
ears, and prime cut kernels were both high and significant (Section
A of Tables 20 and 21, and Figs. 15 to 20). A great deal of variation,
however, occurred between series and between the annual weighted
means. It was assumed, in accordance with Fisher9
*
(p. 183) that
when the difference between the values of r expressed as z was greater
than twice the standard error of z, this difference was significant. The
correlations between weight of prime husked ears and weight of prime
cut kernels showed no significant differences when Series III and IV of
the Country Gentleman variety (Table 20) were compared, nor did the
weighted means show a significant difference. The Narrow Grain Ever-
green variety (Table 21), also failed to show a significant difference.
Altho many of the series, as well as the annual means, differed
significantly (Tables 20 and 21), the range of variation in the coeffi-
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cients was not sufficient to obscure the fact that a very close relation-
ship existed. The extreme range in all the correlations between weight
of sorted unlnisked ears and weight of prime husked ears was .82 to
.99, and all of the differences between series and between yearly means
were significant. Therefore the yield of sorted unhusked ears should
not be used for the purpose of predicting the yield of prime husked
ears, because significant variations arise from differences in external
conditions such as soil and weather.
The correlations between weight of sorted unhusked ears and
weight of prime cut kernels varied in a similar manner. Thus the
weight of sorted unhusked ears, altho closely associated with the yield
of cut kernels failed to be an accurate criterion of the yield.
These considerations are of vital interest in interpreting the yields
of sweet corn. Plainly the yields of unhusked ears cannot safely be
used in determining the yield of prime husked ears or of kernels cut
therefrom. The correlation surfaces and the regressions of several
typical series from Section A of Tables 20 and 21 are shown in Figs.
15 to 18.
The correlations between the weight of prime husked ears and
weight of prime cut kernels differed significantly only when Series I
and II were compared (Table 20), but the extreme range in both
varieties was only from .96 to .98. Altho a difference between .98 and
.96 is significant, that difference may arise to a large extent from the
necessity of dropping decimals in making the calculations. The close
degree of association is also shown in Figs. 19 and 20.
The weight of prime husked ears is therefore a much better method
of measuring the weight of cut kernels than is the weight of sorted
unhusked ears. This conclusion is apparently in accord with the prac-
tical experience of canners, who in purchasing corn find the husked-
ear basis to be a good index of the yield of kernels. That this practice
is open to certain objections will be shown later.
The correlations between weight of sorted unhusked ears and per-
centage of prime husked ears (Tables 20 and 21) varied widely in
Country Gentleman but much less in Narrow Grain Evergreen. The
annual mean coefficients (Table 20) did not differ significantly, and
the weighted means of all series were very nearly alike for the two
varieties. There was a slight tendency, subject to considerable varia-
tion, for the percentage of prime husked ears to increase as the yield
per acre of sorted unhusked ears increased. Apparently this slight
degree of association disposes of the erroneous idea, which has long
been current, that larger ratios of usable husked ears accompany
increasing yields.
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YIELD COMPLEX OF SWEET CORN
POUNDS SORTED UNMUSKED EARS
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FIG. 15. CORRELATION SURFACE: TOTALS OF ARRAYS, AND REGRESSION OF WEIGHT
OF SORTED UNHUSKED EARS ON WEIGHT OF PRIME HUSKED EARS:
COUNTRY GENTLEMAN SWEET CORN, SERIES IV
The relationships existing with respect to number of ears are in-
cluded (Section B, Tables 20, 21) because, for market growers who
sell on the basis of count, the number of ears is more important than
the weight.
The correlations between number of sorted unhuskcd ears and num-
ber of prime husked ears varied in a barely significant manner in Series
I and II of Country Gentleman (Section B, Table 20), but the annual
means did not differ significantly. In Narrow Grain Evergreen, how-
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TOTALS OF ARRAYS
FIG. 16. CORRELATION SURFACE: TOTALS OF ARRAYS, AND REGRESSION OF
WEIGHT OF SORTED UNHUSKED EARS ON WEIGHT OF PRIME
HUSKED EARS: NARROW GRAIN EVERGREEN
SWEET CORN, SERIES VI
ever, there was a significant difference between the annual means
(Section B, Table 21). All the coefficients in this group are high, and
show that there was a fairly close relationship between number of
sorted unhusked ears and prime husked ears. These correlations were
subject to considerable variation because of external conditions which
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FIG. 17. CORRELATION SURFACE: TOTALS OF ARRAYS, AND REGRESSION OF WEIGHT
OF SORTED UNHUSKED EARS ON WEIGHT OF KERNELS CUT FROM PRIME
EARS: COUNTRY GENTLEMAN SWEET CORN, SERIES IV
were in turn the cause of fluctuations in the number of husked culls.
Husked culls may be defined as sorted unhusked ears which upon husk-
ing revealed their lack of sufficient development to be included with
prime ears.
All of the correlations between weights and numbers of sorted
unhusked ears were high and differed significantly between the Country
Gentleman series (Section B, Table 20), but annual means were prac-
tically the same. In the Narrow Grain Evergreen variety (Section B,
Table 21) there was no significant difference. It is apparent, therefore,
that increased weight is to a large extent a function of increased
number.
Mean weights per ear which are important because of the general
belief that the ear becomes heavier as the yield increases are shown
in Section C of Tables 20 and 21. The correlations between weight of
sorted unhusked ears and mean weight per sorted unhusked ear give
a basis for this belief. The fluctuations in these coefficients were slight
in both varieties and were not significant, leading to the conclusion that
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FIG. 18. CORRELATION SURFACE: TOTALS OF ARRAYS, AND REGRESSION OF
WEIGHT OF SORTED UNHUSKED EARS ON WEIGHT OF KERNELS
CUT FROM PRIME EARS: NARROW GRAIN EVER-
GREEN SWEET CORN, SERIES VI
the weight per sorted unhusked ear tends to increase with the yield in
the Country Gentleman variety (Table 20). In the Narrow Grain
Evergreen variety (Table 21) this tendency was very slight, leading to
the belief that in some varieties there may be the possibility of securing
high yields without an accompanying response in the weight per ear.
In the Country Gentleman variety (Table 20) the correlations be-
tween weight of sorted unhusked ears and mean weight per prime
husked ear fluctuated widely, but the same correlations for the Narrow
Grain Evergreen variety (Table 21) varied only slightly. Apparently
the tendency for weight per husked ear to be associated with yield of
sorted unhusked ears is subject to external conditions in Country Gen-
tleman but possibly is not so associated in Narrow Grain Evergreen.
In either case the mean degree of association is slight.
The mean weight per sorted unhusked ear was associated with
weight of prime cut kernels much more closely in Country Gentleman
(Table 20) than in Narrow Grain Evergreen (Table 21), but there
were no significant variations in either variety. This means that in
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Country Gentleman, where the average correlation was .554, a tendency
existed for the yield of cut kernels to increase in relation to weight per
unhusked ear. In Narrow Grain Evergreen, where the correlations
averaged .359, this tendency was very slight.
The mean weight per prime husked ear was similarly associated
with yield of cut kernels, altho subject to significant variation in
Country Gentleman (Table 20), where the mean correlation was .527
as compared with .392 for Narrow Grain Evergreen.
The correlations between number of ears per acre and mean weight
per sorted unhusked car fluctuated very widely in the Country Gentle-
man variety (Table 20). This is also true for the two variables
number of prime husked cars per acre and mean weight per prime
husked ear. A low degree of association here indicates that weight per
ear tends to fluctuate independently of the number produced. Zero or
negative correlations might be expected.
The correlations between mean ear weights of sorted unhusked and
of prime husked cars were surprisingly low. These coefficients were also
peculiar in that in the Country Gentleman variety (Table 20) the differ-
ences between series were slight but the annual differences were very
large. In Narrow Grain Evergreen also (Table 21) the annual differ-
ence was large. Apparently in some years there may be a greater
degree of association between the mean weights per ear than in others,
but in a given year this association does not fluctuate very greatly.
Data on husked culls are given in Section D of Tables 20 and 21.
The correlations between weight of sorted unhusked ears and weight
of husked culls were highly variable, but in nearly every instance they
approached zero. There seems to be no tendency, therefore, for an
increase in the yield of unhusked ears to be accompanied by an in-
crease in the yield of husked culls. Results in Series III (Table 20)
were different from all the other series with respect to husked culls
a peculiarity which cannot be accounted for from the data at hand.
The correlations between weight of prime husked cars and weight
of husked culls varied materially, but with the exception of Series III
(Table 20) they were negative. Thus in Narrow Grain Evergreen
(Table 21) there was a slight tendency for the yield of culls to decline
as prime ears increased. A similar tendency was apparent in all series
of Country Gentleman except Series III.
Prime cut kernels and husked culls were also slightly correlated
with the same exceptions as noted in the previous paragraph.
The correlations between weights of sorted unhusked ears and
weights of cobs fluctuated significantly, but were uniformly high
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(Section E of Tables 20 and 21 ). The correlations between the weights
of prime husked ears and cobs varied comparatively little in Country
Gentleman but significantly in Narrow Grain Evergreen. Weight of
prime husked ears and weight of cobs were much more closely related
than unhusked ears and cobs. Thus the weights of the cobs closely
paralleled the weights of the ears. This means that cut kernels must
give practically the same ratios, which is shown to be the case in Tables
20 and 21.
Regression Coefficients of Yield Components
The regression coefficients of the more important yield components
in Table 22 are included for the purpose of extending the explanation
of the yield complex in sweet corn. At the same time the regression
coefficients show clearly the changed responses of sweet corn to vari-
ations in seasonal and environmental conditions. For instance, accord-
ing to Section A of Table 22, Series I responded quite differently than
Series II to external conditions. Virtually all of the regression co-
efficients show considerable variability, which indicates that their use
for prediction purposes is quite limited.
Two Interpretations of Regression Coefficients. The regression
coefficients may be interpreted in two distinct ways. One of these is
the conventional method whereby it is assumed that for every unit
increase in the independent variable the dependent variable increases
to the extent of the coefficient. Except for the coefficients in Section C
of Table 22, an interpretation may also be made on the percentage
basis. Thus the regression coefficient of weight of prime cut kernels
on weight of prime husked ears in Series I was .51, which can be
interpreted to mean that 51 percent of the weight of the prime husked
ears consisted of the weight of prime cut kernels and that the balance
was the weight of cobs.
The percentage method of interpreting regression coefficients
brings out the complementary nature of many of the components.
Carrying out the example stated in the foregoing paragraph, the com-
plementary regressions from Series I, Table 22, were as follows:
Weight of prime cut kernels on prime husked ears = .51
Weight of cobs on prime husked ears = .50
Calculated total regression =1.01
Here cobs are complementary to prime cut kernels, and the sum of the
regressions should equal unity, which it practically does. Similar com-
putations made for the other series show that the total varies around
unity.
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Another comparison (Series I, Table 22) may also be made, viz.:
Weight of prime cut kernels on weight of sorted unhusked ears = .29
Weight of cobs on weight of sorted unhusked ears = .33
Calculated total regression = .62
Actual weight of prime husked ears on weight of sorted unhusked ears. . = .59
The total calculated regression should equal .59 instead of .62 as
shown above. Some of the other series are more consistent.
Use of Correlation and Regression Coefficients for Estimating
Yields. Another point of importance shown by the data in Table
22 is the variability of the regression coefficients within each variety.
These fluctuations were most likely due to changes in external con-
ditions and they correspond to similar changes noted in Part I. There-
fore the value of regression coefficients for the purposes of prediction
or estimation even within a variety seems to be very limited. The mean
coefficients are of some value provided a sufficient number of variates
grown under a wide range of conditions is included. The results given
in Table 22 also show rather clearly that regression coefficients are
applicable only to the variety in question. However, the relationships
shown in Tables 20, 21, and 22 are undoubtedly linear, as is indicated
by the scatter diagrams in Figs. 15 to 20.
A comparison of the regression coefficients (Table 22) with the
correlation coefficients (Tables 20 and 21) shows that the latter may
prove to be quite unreliable, especially for the purposes of prediction.
Thus in Series V and VI (Table 21) the respective correlations for
weight of prime husked ears and weight of prime cut kernels were .98
and
.97, with a difference only 1.6 times the standard error. The re-
spective regression coefficients (Table 22) are .48 .02 and .57 .02,
the difference being .09 .028, which is significant. This would mean
that in every 100 pounds of prime husked ears produced by Series VI
there would be 9 2.8 pounds more cut corn than in Series V. Other
comparisons might be made which would show even larger differences.
This comparison emphasizes the fact that in results of this kind cor-
relation coefficients alone, even tho approaching very closely to unity,
should not be accepted without supporting evidence, especially for
prediction purposes.
The regression coefficients in Table 22 show that as the yield of
unhusked ears increased, there was a uniform altho fluctuating tend-
ency for the mean weight per ear to increase. The regression co-
efficients of mean weight per sorted unhusked ear and of mean weight
per prime husked ear on weight of kernels per acre confirm this con-
clusion. The regression coefficients of mean weight per prime husked
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ear on mean weight per sorted unhusked ear were highly variable and
most of them considerably below unity, indicating that much of the
increase in weight per sorted unhusked ear is due to factors other than
mean weight per prime husked ear. The husks being the only remain-
ing component, it follows that except for the somewhat minor in-
fluence of husked culls, a considerable part of the increase in mean
weight per unhusked ear is due to husks.
A comparison of the two varieties for which data are given in
Table 22 shows that with respect to mean weight per ear the Narrow
Grain Evergreen variety was considerably less influenced by total
yields than was Country Gentleman. This might be interpreted to
mean that in adverse seasons when yields are low the mean weight
per ear would be less unfavorably affected in the Narrow Grain Ever-
green variety and, conversely, in favorable seasons Country Gentle-
man ears would increase in mean weight to a considerably greater
degree.
DISCUSSION OF CORRELATION ANALYSIS
The analysis of sweet-corn yields by means of correlations em-
phasizes the fact that while there is a close association between the
more important yield components weights of sorted unhusked ears,
prime husked ears, and prime cut kernels that association is subject
to a great deal of variation because of external conditions. Thus it
appears to be inadvisable to attempt to interpret the yield of one com-
ponent in terms of another.
The association between prime husked ears and prime cut kernels,
however, is both very close and relatively stable, a fact which ap-
parently indicates that the yield of prime husked ears is considerably
the best measure for predicting the yield of cut kernels. It seems
probable that in the long run this method for predicting the yield
of cut kernels may be sufficiently reliable for commercial purposes.
According to the regression coefficients given in Table 22, however, the
percentages of cut kernels were rather variable from series to series
and, therefore, the use of prime-husked-ear weights for predicting the
yields of prime cut kernels may be inaccurate in individual cases. The
use of the weights of sorted unhusked ears for predicting the yields
of prime husked ears or of prime cut kernels is not recommended
because of the very wide fluctuations of the regression coefficients.
From the viewpoint of the canner these data show clearly that
purchasing sweet corn on the unhusked-ear basis is definitely inferior
to purchasing it on the husked-ear basis, the present practice of many
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factories in the Middle West. The latter method is apparently much
more accurate and seems to answer the purpose quite well, but if
absolute accuracy is essential, as in experimental work, the cut kernels
themselves should be weighed.
The coefficients throw light on the general question of the effect
of favorable growing conditions upon the components as reflected by
increased yields. The low correlations between weight of sorted
unhusked ears and percentage of prime husked ears obtained in these
experiments show only a slight tendency for a better husking ratio
to be associated with yield. Higher yields, however, were associated in
general with fewer husked culls. At the same time higher yields were
usually accompanied by heavier ears, especially in the Country Gentle-
man variety, a consideration which is obviously of the greatest im-
portance ; and increased weight per ear was associated with increased
yield of cut kernels, a tendency which was far more pronounced in
Country Gentleman than in Narrow Grain Evergreen. Mean weight
per ear was variably associated with number of ears produced per
acre, especially in the Country Gentleman variety, an association which
indicates that under some conditions an increased yield expressed as
number of ears may not be accompanied necessarily by an increased
weight per ear.
The tendency for mean gross weight per ear to be associated with
mean net weight was lower than expected, and apparently was subject
to wide variations from season to season.
The yield of husked culls was inversely associated, usually with
yields of prime husked ears and cut kernels. Some exceptions were
noted, however. The association between unhusked-ear and husked-
cull weights was usually very slight.
The cobs showed a strong tendency to vary in the same direction
as the sorted unhusked and prime husked ears. This indicates that
in spite of fluctuations the components of sorted unhusked ears
namely, prime ears, cut kernels, and cobs all tend to vary in the same
direction, but this tendency is modified more or less by such factors as
husked culls.
The regression coefficients are unusually important in an analysis
of this kind. They show in a measurable manner the fluctuations
which are due to external conditions and which are not apparent from
a comparison of the correlations. The regression coefficients also em-
phasize the limitations of one component as a measure of any one or
more of the others. In addition, the regression coefficients show that
high correlations between yield components must be interpreted in a
very restricted sense.
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SUMMARY AND GENERAL CONCLUSIONS
PARTS I AND II
The chemical changes which characterize the ripening process of
sweet corn are quite well understood, but all that is known about the
accompanying physical changes has heretofore been derived from
studies of individual ears. The investigations which have been reported
in this bulletin had for their principal object a study of the changes
which take place in the yield complex of mass populations of maturing
sweet corn. Three varieties Country Gentleman, Narrow Grain
Evergreen, and Golden Bantam were used.
These experiments were conducted in 1931 and 1932, during a
period of excessively high mean temperatures and subnormal rainfall.
Such conditions are interpreted as being generally favorable for sweet
corn, except for Golden Bantam.
Studies of Individual Ears During Maturation
Moisture Content. Experiments with individual ears selected for
simultaneous silk emergence confirmed previous observations on the
loss of moisture from the kernels accompanying the ripening process.
Husks and cobs lost moisture in a similar manner, but the percentage
of moisture in the husks remained consistently higher than in the cobs.
The moisture content of kernels, of husks, and of cobs exhibited linear
relationships with respect to advancing maturity ; and consequently the
moisture content of any or all of these components may be used for
measuring maturity. Moisture content of cobs or husks would, of
course, be but an indirect measure of maturity of the kernels.
Toughness of Pericarp. Penetration tests with a specially designed
penetrometer confirmed previous work in indicating that toughness
of pericarp in sweet corn increases as maturity advances. Wide varia-
tions in the mean penetration values of ears silking on the same day
and picked at the same time indicated that silk emergence is not an
entirely accurate index of physiological maturity. Penetration tests also
brought out differences in toughness of pericarp among the different
varieties.
Narrow Grain Evergreen rated consistently higher in toughness
than Country Gentleman at any comparable time after silking. This
difference in toughness is interpreted to mean that Narrow Grain
Evergreen is inferior in quality to Country Gentleman.
As a measure of maturity, penetration tests were of doubtful value
during the later stages when the kernels were flaccid and denting had
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occurred, for dented kernels tended to give lower penetration values
than normal kernels. This lowering of penetration values of dented
kernels indicates that the turgidity of the endosperm modifies penetra-
tion values very materially, thus leading to false interpretations of the
toughness of the pericarp.
Statistical Analysis of Chemical Analyses. A statistical analysis
of a large number of published chemical analyses of maturing sweet
corn showed that moisture content of the kernels is very closely related
to maturity as measured by chemical composition. This finding, cor-
roborated by the fact that moisture content was also closely related to
maturity as determined by the period after silk emergence, and as
related to toughness of the pericarp, led to the conclusion that moisture
content of the kernels is an accurate means of measuring maturity.
The statistical methods used in analyzing the chemical data were
applicable for the estimation of total sugars and starch during the
period of edibility of sweet corn even tho only a few chemical analyses
were available. Estimation of the other constituents should be possible
by the use of similar methods.
Studies of Mass Populations
Successive decreases in moisture content of prime ears sorted out
of a mass population at each picking are due entirely to errors of selec-
tion which arise from the inability to separate, on the basis of ap-
pearance, ears which have just reached the prime canning stage and
those that are about to dent. For this reason canners who wish to pack
corn whole-grain style should snap the ears early in preference to
attempting to sort out the less mature ears from corn snapped for
cream-style canning.
Unhusked Ears. The unhusked ears in a mass population in-
creased both in number and in total weight as maturity advanced.
During the later stages of maturity the number of ears per acre, with
certain exceptions, tended to remain constant, but the weight tended to
decline. The period when the weights of the unhusked ears attained
their maximum was subject to considerable fluctuation as a result of
environmental conditions and seemed not to be associated definitely
with any particular moisture content. Decreases in weight during the
later stages of maturity seemed to arise from losses of moisture alone,
which were very rapid at that period.
Prime Husked Ears. Prime husked ears in a mass population in-
creased in number until either just before or just after the appearance
of dented ears. There then followed a sharp decrease, accompanied
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by a rapid increase in the number of dented husked ears. The total
number of sorted husked ears usually varied in the same manner as
the number of sorted unhusked ears.
Total weight of prime husked ears in the mass population also in-
creased and reached maximum production at the period when dented
ears first appeared. The moisture content at this time was 70 percent.
The percentage of prime ears calculated on the unhusked-ear basis
varied in the same manner as the acre-yields.
As prime husked ears are the most valuable of the yield com-
ponents, with the exception of cut kernels, the fact that acre-yields
and percentages of prime husked ears coincided is highly significant,
and is an irrefutable reason for canners to purchase sweet corn on the
husked-ear instead of on the unhusked-ear basis.
Sorted Husked Ears, Weights of sorted husked (prime plus
dented) ears in the mass populations increased as maturity advanced,
accompanied by rapid changes in the ratios of prime and dented ears.
Peak production of sorted husked ears was reached after sorted un-
husked ears attained their maximum.
Climaxes in Maturity. The ripening period of sweet corn was
characterized by a series of three distinct climaxes, which occurred in
the following order:
1. Period of maximum yield and percentage of prime husked ears,
moisture content 70 percent.
2. Period of maximum yield of sorted unhusked ears, highly vary-
ing moisture content averaging from 66.4 to 68.3 percent.
3. Period of maximum yield of sorted husked ears, moisture con-
tent ranging from 63.0 to 65.2 percent.
A fourth climax in yield occurred at a still later date. This climax
was the period when the percentage of husked (prime plus dented)
ears reached the maximum. This point had no economic significance
because the ears were for the most part inedible at that time.
Kernels From Prime Ears. The yield and the percentage (un-
husked ears = 100) of kernels cut from prime ears in a mass popula-
tion are more important as yield components than prime husked ears,
but as these three components vary so closely in relation to each other
they may be considered collectively.
For "cream style" maturity it is advisable to harvest the three
varieties of sweet corn used in these experiments when the moisture
content averages 70 percent. For whole-grain maturity the moisture
content should exceed 70 percent.
The percentage of kernels cut from prime ears (husked ears = 100)
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reached the maximum at a much later period than the maximum
weight or the maximum percentage of kernels computed on the un-
husked basis. The average moisture content at this time ranged from
64.4 to 67.2 percent, indicating that the highest yield of cut kernels
from a ton of prime husked ears is obtained only when the corn has
passed the best (70 percent) edible stage.
Kernels From Sorted Husked Ears. The acre-yield of kernels cut
from sorted husked (prime plus dented) ears reached the maximum at
the same time as the yield of the ears, the ears at that time showing
63 to 65 percent moisture content. This production peak was followed
very closely by the production peak as measured by the ratio of cut
kernels to weight of unhusked ears, which occurred when the ears
had moisture contents of 62 to 67 percent.
Time of Appearance of Dented Ears. The first appearance of
dented ears in the Country Gentleman and Narrow Grain Evergreen
varieties was noted when the moisture averaged 70 percent. This co-
incided with the first climax. The appearance of denting in these varie-
ties may be used, therefore, as a reliable index for determining the
proper time to pick sweet corn for cream style canning.
Other Components. There was a slight tendency for unhusked
culls to increase in yield during the earlier stages of maturity, but the
later stages were characterized by marked declines. Husked culls
decreased both in yield and in percentage during the later stages of
maturity, owing most likely to the fact that many of the culls were
simply immature ears which if undisturbed, would have developed later
into usable ears.
Green or immature ears were not found after the first few pickings.
The percentage of husks showed a marked decline as maturity
advanced.
Weights During Maturation Period. All the experiments concern-
ing the maturing mass complex of sweet corn showed that the mean
weights per ear tended to increase for a period, following which de-
creases occurred. The reduction in the mean weights of the early
maturing ears seemed to be due to the fact that the earliest silking ears
were precocious and weighed less. The increases in weight per ear
of the shoots silking later were due to the rapid development of the
kernels. The decreases in weight per ear which occurred still later were
due to a combination of loss of moisture and the inclusion in the usable
class of larger percentages of late-silking ears which proved to be
lighter in weight per ear.
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Silk Emergence and Maturity. Silks tended to emerge according
to a skew curve, with the lower shoots lagging a day or two behind
the upper. This lag tended to widen the range of maturity included
in any picking of sweet corn and showed why plant breeders should
select strains maturing only a single ear to the plant if this can be done
without decreasing the total yield.
For most practical purposes the mid-silking point may be estimated
by counting silks until the total number reaches 75 percent of the theo-
retical stand. In addition, such counts made on a few small random
areas seemed in these experiments to provide an accurate estimate of
the silk emergence in a whole field.
Shoots silking earliest, except lower shoots, produced a higher per-
centage of unhusked culls than shoots silking in the median periods.
Late-silking shoots, both upper and lower, produced more culls than
the earlier shoots. Upper shoots produced heavier ears and a lower
percentage of culls than lower ears.
When all the ears in a given planting were picked the same number
of days after silk emergence, the moisture content, provided the
weather conditions were reasonably uniform, was maintained at prac-
tically a constant level.
The maturity of individual ears in small random samples paralleled
the maturity of the mass population. It seems permissible, therefore,
to use small samples in order to estimate the maturity of a whole field.
Correlation Analyses
Correlation analysis of the yield complex of Country Gentleman and
Narrow Grain Evergreen sweet corn showed that the principal yield
components were closely associated with each other. Sorted unhusked
ears, prime husked ears, and prime cut kernels were closely correlated.
Prime husked ears and cut kernels, and also cobs, which are comple-
mentary to kernels, showed the closest correlations. The percentage of
prime husked ears had only a slight tendency to increase in relation to
unhusked-ear weight.
The number of sorted unhusked ears was closely correlated with
number of prime husked ears and with weight of sorted unhusked ears.
Jncreases in mean ear weights were not generally associated with
higher acre-yields, altho there was a varying tendency in this direction,
Country Gentleman showing a stronger tendency than Narrow Grain
Evergreen. The closest relation between mean weight per ear and
total weight per acre appeared in three pairs of correlated variables:
(1) weight per acre and mean weight per sorted unhusked ear;
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(2) weight per acre of prime cut kernels and mean weight per sorted
unhusked ear; and (3) weight per acre of prime cut kernels and mean
weight per prime husked ear. Mean weight per ear was only slightly
correlated with number of ears per acre ; and mean weight per sorted
unhusked ear was variably correlated with mean weight per prime
husked ear. The average coefficients of the latter correlation were
unexpectedly low.
Increases in the yields both of ears and of cut kernels were usually
accompanied by decreases in the weight of husked culls.
The yields of prime husked ears and of the kernels cut from them
cannot be accurately estimated from the yields of sorted unhusked
ears. The yield of cut kernels can be estimated, however, from the
yield of prime husked ears with sufficient accuracy for commercial, but
not for experimental, purposes.
The correlations were believed to be nongenetic, because they were
characterized by wide fluctuations from series to series, from year to
year, and from variety to variety. The correlation coefficients, even
when consistent, failed to give as satisfactory a measure of the rela-
tionship as the regression coefficients.
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